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SIR, 


neſs not to be afraid of dimi- 


I is the privilege of real great- 


nution by condeſcending to the 


notice of little things; and I there- 


fore can boldly ſolicite the pa- 
tronage of Your MajzsTy to the 
humble labours by which I have 
endeavoured to improve the inſtru- 
ments of ſcience, and make the 

globes 


"DEDICATION. 
globes on which the earth and ſſæy 
are delincated leſs defective in their 


conſtruction, and leſs difficult in 


their uſe. 


Geography is in a peculiar man- 
ner the ſcience of Princes. When 
a private ſtudent revolves the terra- 
queous globe, he beholds a ſucceſ- 
ſion of countries in which he has 
no more intereſt than in the ima+ 
ginary regions of Jupiter ard Saturn. 
But Your MajzsTy muſt contem- 
plate the ſcientifick picture with 
other ſentiments, and conſider, as 
oceans and continents are .rolling 
before You, how large a part of 
mankind is now waiting on Your 


_ determinations, and may receive be- 
nefits 


DEDICATION; 
nefits Or ſuffer evils, 28 Vour in- 


fluence is extended or withdrawn. a 


The provinces which Your Ma- 
IESTv's arms have added to Your 


dominions, make no inconſiderable 
part of the orb allotted to human 
beings. . Your power is acknow- 


ledged by nations whoſe names we 


know not yet how to write, and 


whoſe boundaries. we cannot yet 


deſcribe. But Your Maj = STY.S 


lenity and beneficence give us 
reaſon to expect the time when 
ſcience ſhall be advanced by the 
diffuſion of happineſs; when the 
deſarts of America ſhall become 
pervious and ſafe, when thoſe who 
are now reſtrained by fear ſhall be 
2e attracted 


DE DIC AT ION. 

attracted by reverence; and multi- 

tudes who now range the woods for 
prey, and live at the mercy of winds 


and feaſons, ſhall by the paternal 
care of Your MajzsTy enjoy the 
plenty of cultivated lands, the plea- 
ſures of ſociety, the ſecurity of law, 
and the light of Revelation. 


I am, 
SIR, 


Your MajesTY's 


moſt humble, 
moſt obedient, 
and moſt dutiful, oF 
Subject and Servant, 


GEORGE ADAMS. 


P R E F A C E. 


HE connection of aſtronomy with 

geography is ſo evident, and both 
= in conjunction are ſo neceſſary to a 
learned education, that no man will be 
thought to have deſerved ill of the republic 
of letters, who has applied his endeavours 
to throw any new light upon ſuch uſeful 
ſciences. And as the phenomena of the 
earth and heavens can be adequately illu- 
ſtrated only by the mechanical contrivance 
of globes ; whatever improvement is made 
in theſe muſt deſerve regard, in proportion 
as it facilitates the attainment of aſtronomi- 
cal and geographical knowledge. 


As to maps and all projections of the 
ſphere in plano, their uſe is more difficult 
than thoſe of the globe, of which indeed 
they are only ſo many pictures; nor can 


they be thoroughly underſtood without more 
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{ill , in geometry than is commonly poſ- 
fred by beginners, for whoſe uſe the fol- 
wing treatiſe is principally deſigned ; tho 
it alſo contains ſome obſervations, which 1 
hope will not be altogether unacceptable to. 
a.more learned reader. | 


„The globes now offered to the public, 
are of a conſtruction new and peculiar, being 
contrived to ſolve the various phenomena of 
the carth and heavens, in a more eaſy and 
natural manner than any hitherto publiſhed, 
being ſo ſuſpended that the ſtudent may 
elevate the ſouth pole; a thing impracticable 
in the uſe of the common globes. ) 


That agreement too, which is here 
plinted out between the celeſtial and terre- 
ſtrial ſphere, will be found to open a large 
field of geographical and aſtronomical know 
ledge; and will afford both inſtruction and 
amuſement to every unprejudiced enquirer. 
This agreement ariſes from a compariſon of 
one globe with the other, or ot the diſtances 
of different places on the earth's ſurface, 
with the relative diſtances of ſuch fixed 
ſtars as anſwer to them in the heavens. 8 


PREFACE. it 
By theſe ſteps of ſcience; the mind a 


man may be raiſed to the contemplation, 


of the divine wiſdom, which has fo ad- 


juſted the proportion of days, months, ſea- 


ſons, and years, in the different parts of the 
terraqueous globe, as to have diſtributed 
with an impartial hand, though after a 


manner wonderfully various, an equal ſhare 


of the ſun's light to every nation under: 
heaven. 


By theſe globes, with little or no expe- 
rience in aſtronomy, may be ſeen how the 


moon changes her place every night, by 
obſerving her poſition with reſpect to any 


fixed ſtar, and how ſhe proceeds regularly 
from it to the eaſtward; as the ſeveral 
planets alſo may be obſerved to do, ſome 
more ſlowly than others, as their orbits are 
more or leſs remote from the center of the 
ſyſtem; while the regularity of their motions, 
ſtrictly conformable at all times to the laws,” 
of their Creator, exhibits a ſtriking pattern 
of obedience to every rational ſpectator. 
But it will be proper in this place to in- 
form the reader what he is to expect in 
the globes, and in the following treatiſe 


intended to accompany and explain them. 
The 


: 
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The ſuperior accuracy with which, the 
- wh are drawn and engraved, will, it is 
hoped, appear to competent judges at the 
firſt fight ; for the perfecting of which no 
expence of time or labour hath been ſpared, 


The celeſtial globe is improved by the addi- 


tion of ſeveral thouſand ftars more than 
have app-ared upon any globe hitherto pub- 
liſhed ; all the lateſt diſcoveries in geography 
and aſtronomy are in both of them ſtrictly 
followed, and many new lines and circles 
are in{cribed, the uſe of which will be tully 
explained hereafter. 

In the treatiſe, we have made a of 
that method of finding the times of equinox, 
which is the moſt modern and fimple ; and 
which perhaps is the trueſt mean length of 
a tropical year; that the young ſtudent may 
with greater eaſe and pleaſure be made ac- 
quainted with the firſt principles, and from 
them be carried on to the more intricate 
branches of aſtronomy. 

The table of the paſſage of the firſt 
point of aries over the meridian, is taken 
from an Ephemeris of La Caille, with ſome 
little alterations; and has been carefully 
compared with twenty years calculations 

made 
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made by the ſame author. The neceſſity 
under which I found myſelf of haſtening 
the publication of this Treatiſe, and the va- 
rious interruptions and avocations from which 
a perſon in my ſtation cannot be exempt, 
would not allow me ſufficient leiſure to cal- 
culate an original table. 

To render this book as extenſively uſeful 
as poſſible, I have endeavoured, with all 
the clearneſs I am maſter of, to expreſs 
both my own and the ſentiments of other 
authors on the ſame ſubjeQ ; and I think 
it my duty to acknowledge the aſſiſtance I 
have received in the courſe of this work, as 
well from books, as from ſome worthy 
friends; as I would not willingly incur the 
imputation either of plagiariſm or ingrati- 
tude. If there ſhould appear to be any 
defects, to which every human work is 
liable, the reader, I hope, will make ſome 
favourable allowance for the undeitaker of 
a taſk ſo complicated and laborious, and 
correct my errors for himſelf, as well as he 
is able. 


ADVER- 


ü PREFACE. 


ADVERTISEMENT. 


v hen the reader is hereafter directed to 
apply a card, or the edge of a card, to any part 
of the globe, it is to be underſtood that he 
ſhould cut a card of any kind exactly in the 
ſize and ſhape of A B C D, fig. 4. for the 
globes of eighteen inches diameter; and of 
the ſize and ſhape of E F G , for thoſe of 
twelve inches diameter; then, if the arch B 
C, or F G, are applied to the ſurface of 


their reſpective globes, the lines A B, or C D, 
E F, and G H, will become radi from the 


center of the globe. It is frequently required 
to know what point upon the ſtrong. braſs 
meridian, or broad paper circle, exactly an- 
ſwers to a given point upon the globe, and as 
this cannot be well known by inſpection, on 
account of the neceſſary diſtance of theſe two 
circles from the ſurface, if the corner B or F 
be applied to the given point upon the globe, 


the edge of the card will exactly mark the de- 
— or part ot the degree required. 15 


For clevating the pole exactly, the card is 
to be laid upon the broad paper circle, and its 


edge applied to the ſtrong braſs meridian; by 


which means the degree, and parts of à degree, 


may be aſcertained wich ſufficient accuracy. 


The 
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The expliiniathbes! of the letters to 
the figures 1 and 2. 1:4'W 


1 I. repreſents che new cecreſtrial, and 
fig 2. the new celeſtial globe, with their! im- 
proved apparatus. xi 


NX RZ N. The ſtrong braſs meridian. a 


NH S. The thin braſs ſemi circle, or move- 
able meridian, upon the terreſtrial, but upon the 
celeſtial globe it is a moveable circle of decli- 


nation; on the firſt of theſe is placed H a ſliding 


circle, which is hereafter called an artificial 


horizon; the little ſliding circle upon the ce- 
teſtial globe, is called an artificial ſun. 


AMI 2 The equator, over which in either 


| Figure is repreſented about half of the ſemi- 
circular wire F I E, which carries the horary 
indices, one of them is ſeen at J. 


E L. The ecliptic 


-Z A. The braſs quadrant of altitude 4 
faſt to Z, the zenith point of the ſtrong braſs 


: meridian, its other end, A, going a little below 
the plane of 


B A C. The broad-paper circle upon the 


ſurface of the wooden frame. 


T W T. The wire circle, Area l the 


boundaries of twylight. 
; NCS, 
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NCS. A ſilk ftring, fig. 2. fixed occaſionally 
to the north and ſouth poſes of the celeſtial 
globe, which is hereafter deſcribed, and called 
an artificial moon; it may alſo repreſent the 
place of any planet. 


M. The mariner's compaſs, with a magnetic 
needle. ; 
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37 At his Shop the Sign of TyeHO Brane's - 
37 Head, in Fleet- ſtreet, Loxvpox. 
| Where Gentlemen and Ladies may be applied with 
38 ſuch Inſtruments as are either Invented or Impro- 
ved by himſelf; and Conſtructed according to the 
wo FRO Theory. 
39 , 


N E Study of the Mathematicks be- 
| ing now become a neceſſary Part of 


© . .every Gentleman's Education, and 
as it contains an inexhauſtible Fund of uſe- 
58 Ynawledge, wherein the greateſt Ge- 
57 * niuſes 
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niuſes may exert their utmoſt Faculties, and 
the meaneſt find ſomething within his Reach, 
the Theory of it diſplays an ample Field, 
and the Practice of it has always been pro- 
duQtive of many great Advantages to Men 
of Action and Buſineſs. 

Therefore Mathematical Inſtruments are 


the Means by which the Sciences of Geo- 


metry, Aſtronomy, Philoſophy, and Opticks, 
have been rendered uſeſul in all the com- 
mon and neceſſary Occurrencies of human 
Life. They not only enable us to connect 
Theory with Practice, but alſo inſtruct us 
how to turn bare Contemplation into the 
moſt ſubſtantial Uſe, by making one of the 
moſt ſerviceable Branches of Learning the 
natural Way of rendering this Knowledge 
general and diffuſive. 


0 "8 
. > 4 * 


Mathematical Inſtruments. 


. . 4% 
ASES of Drawing Inſtruments, | 
the Scales and Sector either 
Wood, Ivory, or Braſs, from 10s. | 
64. to ͤͤũẽk— 6 8 
Magazine Caſes of Inftruments, „ 
71. 75. 0 —— 26 0 o 
* 111 


* 


Matbematitat IxSrRUIHIxv Ts. 3: 


4414 Aas 4 4-765, Birt gone 
Silver Cafes of Inſtruments, from y 4] R 
21. 128. 64, to —————— 21 0 0 
Proportionable Compaſſes ——— 31 13 6 
DNR, — e | 
Sectors of a new Conftruftion  —— 2 2 0 
Ditto — — SRV 4 "+ 0 
Dr eg Te 
Ecliprical Compaſſes of a new Con- 4012 
ſtruction — — — 5. & $ « \'pi 
Gunners Calippers —————— 113 ©: 


Gunners Quadrants —————-— 2 12 659 
Perpendiculars for Gunnery ——— 1 11 6 
Parallel Rules, two and three Feet 5 TT 
Pocket Rules, Gauging and other 1 
Sliding Rules, Gunter Scales, Sur. 
veying — Navigation Scales, with ng 
all other Kind of Scales and Rules, 
at the uſual Prices. 
Plane Tables for Surveying Land — 3 13 6: 
Ditto of a new Conſtruction, with 
2 Braſs: headed Staff ——— —— 15 © 
Theodolites with plain Sights — 3 


O © 


Ditto with Teleſcopic Sights, and 


Vertical Arch ——kññÜ1-&1m.— 12 12 O 
Ditto, of the beſt Sort — t 0.30 
Gunter's Chains _ — 0 7 6 
Levels, of the lateſt Conſtruction — Ab the. 

0 
0 
A 


Ditto, larger | 15 4275 
Pratractors from 25, 64, to —— 1 10 


5 4 CAaTAaioove A 
L 


|: 
| 
| 
| 
0 
0 


I! 1 new Protractor 8 Setting off An- 


Jil > gles to a Minute. ——— 24 2 
0 A new Plotting Scale with a Nonius 
Ji Diviſion — 4 
1 Dann for reducing and en- 
i larging Plans and Drawings 4 
Meaſuring Wheels -=—— 6 
1 Pedometers — — 8 
| Way Wiſers for Wheel Carciagas — 5 


| Aſtronomical Quadrants 120 
| Ditto — — — 31 
= Ditto — — — - 32 
| Tranſit Inſtruments, from 10“. 106. Ins 
to — — * 34 
Equal Altitude Inſtruments, from 
21]. to en Mi 


Aſtronomical Sectors, from 501. to 100 
| Horizontal Sun-Dials, from 105. 64. 
| to 10 
kl Univerſal Equinoctial Dials, from 
2 105. bd. to — — — 3 
| Ditto, on a Pedeſtal, &c.E 12 
| Eliptical double Dials, from 51. 35. | 


to - 10 
Pocket Horizontal Dials, for ſeveral 

Latitudes - - 2 
Hadley's Quadrants ii 
Ditto 2 


Ditto —— | — nn 50 


O 


„ 


0 O 0 O0 0 


FI 
0 


o 0 


guy „ 


j Reflecting Teleſcopes, 1 Foot 


. 
Ditto, 18 Inches — S.-28 © 
Ditto, 2 Feet küũł76k⸗½06— 12 12 0 
Ditto, on a Rack Stand — — 20 0 O©O 
Small Reflecting ditto, 6 Inches — 3 13 6 
Ditto, 4 2 5 2 20 0 


Optica INSTAUHHVTs. 3 
4. 


1 _ . 2. 1 "BE 'Þ 
Ditto — — — 4 40 
Dr. Knight's new Steering Cora. 12 6 
his new Azimuth Co 
Nas j—ormmngpmn———crn 515 $ 
Orreries, from 251, to - — 130 O © 
A Planetarium, or Manual Orrery + 
for the Copernican and Ptolemaic p - 
Syſtem — n 
Ditto —— 8 8 '© 
A new Planetarium —-———- 18 18 ' 0 
A new Tellarium ——--———— 36 o © 
Adams's New Globes, 18 Inches Di- Le 
ameter 0: 0 


Ditto, in Mahogany —— 11 11 o 
D! in — and Braſs mount - 
ing n — 26 0 0 


0 New Globes 12 Inches Diameter 8 8 


0 
Ditto, in Mahogany —=——— 6 16 6 


Optical Inſtruments, 


The new Achromatic Refracting Te- 


leſcope with ſeven Glaſſes, two Feet 2 2 © 
Ditto; 


mY of ye" 


6 "0 CirTatoort of © 
Ditto, three Feet ————— 3 3 0 
Ditto, four Feet — —— 4 4 
and ſo on in 3 for any rn 
other Length, all other Sorts of | 
Kefracting Teleſcopes, at the uſual 
Prices. 
The large double Conſtructed Mi- ö 
croſcope —— 6 6 © 
Ditto, in a flat Mahogany Caſe — 7 7 © 
Ditto, of an inferior Sort —— 3 13 6 
Wilſon's Pocket Microſcope — e 
Ditto — 2 12 6 
Ellis's Microſcope — — 2 2 0 
A ſolar Microſcope ————— 4 14. 6 
Ditto —— 5 i, 6 
A Microſcopical A pparatus in a Ma- 
hogany Box —— — \ = 1 0 


all other Sorts of Microſcopes at 


the uſual Prices. 
A Pocket Camera Obſcura ———— o 10 6 


Ditto — 1 1 0 
Ditto, large — 15 0 
| m—ü— — — 2 2 .@ > 


Ditto, larger -— 
A Book Camera, of a new Conſtruc- 


tion — . — — 5 5 We © 
A new Inſtrument for taking Per- 
ſpective Views — — 6 6 0 


Concave and Convex Mirrors, from 
— 26 a 0 0 
Priſms, 


75. 64. to 


Pbilaſ big. INSTRUMENTS. 


1K 23 ſ 4 


J. 
Priſms, from 75. 6d. to — 4 
Zograſcopes for viewing Prints, | 
from 185. to ———— 
Opera Glaſſes, from 85. to 
Reading Glaſſes, from 25. 6d. to — 
Spectacles for the Noſe — —_ 
Ditto for the. Temples — — — 
Ditto —— — — 
Ditto — 
Ditto, in Silver — 
Ditto, Double Joints which: neither 
- preſs the Noſe, or Temples — — 
Ditto 
Ditto, in Silver —— — — 
Spectacles of Brazil Pebbles, in Steel 
or Silver, at the uſual Prices. 
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Philoſophical I aſtruments. 


Air Pumps, excluſive of any inns - 
_  ratus 
A ſingle Barrel diets: | <ikkb 2 
A mal double Barrell'd d — 4 
A ditto larger — 6 \ 
A large Table Air Pump 10 10 0 
A large Standing Air Pump — 210 

the Apparatus to either of theſe 

according to the Deſire of the Pur- 

chaſer. 


* 
— 0 


Barometer; 


: — CArAkOo cu Sc. 7 5 


3 4 
Bardmeters” — — ME © 
Ditto, with Thermometers 2 12 6 
Ditto — —— — 8 5 0 
Ditto, with Hygrometers ———— 5 15 6 


A new invented Barometer of a pe- 


culiar Make ———-————— 7 7 o 
|| Diagonal Barometers —-—<—— 5 5 © 
i Wheel Barometer 8 8 © 
(| Triple Diagonal Barometers 16 16 0 
1 Botanick Thermometers ———-— © 10 6 
| Ditto — — — —-„— o 18 0 
| Farenheit's Pocket Thermometers -- 1 1 © 

——— Thermometers for Brew- 

ing, Diſtilling, &c. — 111 6 
Electrical Machines — - 6 6 o 
Ditto — - | - 10 10 © 
Hydroſtatic Ballances — i. 22 -Þ 


| A new and curious Hydrometer is 

„ now in Hand, of which the Price 

cannot be yet aſcertained. 12 

Theſe, wich all the Variety of Inſtruments re- 

auired in the Practice of the ſeveral Branches 
of the Mathematicks, Philoſophy, and Op- 
tics, are Made and Sold as above, at the moſt 
Reaſonable Prices. 
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CELE STIL GLOBE, 
As Improved and C ONSLTU cted by OF. O:ADAM 
| Im Fleet Street LONDON. 


T HE 
DESCRIPTION and USE 


OF THE NEW 


CELESTIAL and TERRESTRIAL 
GLO MEE 


Nt NF a ſemi- circle be turned round its 
So diameter as an axis, it will ge- 
55 71 2 nerate the ſurface of a globe or 

f ſphere, and the center of the ſe- 
mi- circle will be the center of the globe: : 
It therefore follows, that as all the points in 
the circumference of the ſemi-circle, are at 
an equal diſtance from its center, fo all the 


points of a globe, thus e, muſt be 
the ſame. 


B 2. Any 


* 
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2. Any ſtrait line paſſing through the 


center of a globe, being terminated by its 


ſurface, is called a diameter; and that dia- 
meter about which the globe turns, is called 
its axis; the extremities of which are called 
the poles of the globe. 

3. There are two artificial globes. That 
on which the ſurface of the earth is repre- 
ſented, is called the ferreſtrial globe. 


4. The other on which the face of the 


ſtarry ſphere 1s delineated, is called the ce- 


leſizal globe. 

5. In the w/e of the en, globe, we 
are to conſider ourſelves ſtanding upon ſome 
part of its ſurface, and that its motion re- 
preſents the real diurnal motion of the earth, 
which is from eſt to eaft. | 

6. In the w/e of the celeſtial globe, we are 
to ſuppoſe ourſelves at the center, and that 
its motion repreſents the apparent diurnal 
motions of the heavens, which is from 71 
to weſt. 


7. Note, The ſtars being delineated upon 


the convex ſurface of the celeſtial globe, 


we muſt ſuppoſe ourſelves at the center: 
becauſe under ſuch a ſuppoſition they would 


appear 
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I appear as they naturally do in the concave 
1 ſurface of the heavens. | 
4 8. Several circles are deſcribed upon the 
| p ſurface of each globe. Thoſe whoſe planes 
| paſs through the center of the globe, are 

called great circles ; ſome of which are gra- 
A duated into 360 degrees, 90 of which make 
4 a quadrant. 

9. Thoſe circles whoſe planes do not 

of paſs through the center of the globe, are 
x 


called leſſer circles. 

10. Our new terreſtrial and celeſtial globes 
are each of them ſuſpended at their poles 
in a ſtrong braſs circle, and turn therein 
upon two iron pins, which are the axes of | 


the globe. They have each a hin braſs 
| ſemi-circle moveable about the poles, with a 
re ſmall thin ſliding circle thereon. 
at 11. On the terreſtrial globe this ſemi- 
al circle is a moveable meridian, and its ſmall 
aſt ſliding circle, the v:/ible horizon of any par- 
ticular place to which it is ſet. But, 
on 12. On the celeſtial globe this ſemi- circle 
e, is a moveable circle of declination, and its 
= ſmall circle an artificial ſun or planet. 
1d 13. Each globe hath a braſs wire circle, 
ar placed at the limits of the crepuſculum, or 


B 2 twilight. 
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twilight, which, together with the globe, 
is ſet in a wooden frame, the upper part of 
which is covered with a broad paper- circle, 
whoſe plane divides the globe into two he- 
miſpheres, and the whole is ſupported upon 
a neat pillar and claw, with a . 
needle 1 in a compaſs box. | 
' 14. On our new terreſtrial Seng the 
delineation of the face of the earth into land 
and water, 1s accurately laid down from 
the lateſt and beſt aſtronomical, geographi- 
cal, and nautical diſcoveries. There are 
alſo many additional circles, as well as the 
rhomb-lines, for the greater eaſe and conve- 
nience in ſolving all the neceſſary geogra- 
phical and nautical problems. 
15. On the ſurface of our new celeſtial 
globes, all the ſouthern conſtellations, lately 
obſerved at the Cape of Good-Hope by M. de 
la Caille, and all the ſtars in Mr. Flamſted's 
Britiſh Catalogue, are accurately laid down, 
and marked with Greek and Roman letters 
of reference, in imitation of Bayer. Upon 
each fide of the ecliptic are drawn eight 
parallel-circles at the diſtance of one degree 
from each other, including a ſpace of ſix- 


teen degrees, called the zodiac; theſe are 
croſſed 
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croſſed at right angles, with ſegments of 
great circles at every fifth degree of the 
ecliptic, for the readier noting the place of 


the moon or any planet upon the globe. 


16. We have alſo inſerted from Ulugh 
Beigh, printed at Oxford, A. D. 1665, the 
manazil al kamer, 1. e. the manſions of the 
moon of the Arabian Aſtronomers ; which 
are ſo called, becauſe they obſerved the 
moon to be in or near one of theſe every 
night during her monthly courſe round the 
earth, to each of which the Arabian cha- 
raters are affixed. They may be of very 
great uſe to beginners to teach them the 
names of the ſtars, as well as to mariners 
for the ſame purpoſe ; who may have occa- 
ſion to obſerve the diſtance of the moon 
from a fixed ſtar, in the new method of 
diſcovering the longitude at ſea, They will 
likewiſe ſerve to ſhew, how the moon paſſes 
from ſtar to ſtar in the courſe of one or 
ſeveral nights, which is a very curious and 
uſeful amuſement ; and as they are a divi- 


ſion of the heavens different from any thing 


the Greeks were acquainted with, and 
therefore not borrowed from them, and as 
we do not know they were ever inſerted 

1 on 
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on any globe before, we hope we have with, 
propriety placed them on our new celeſtial 
globe. | 


1 


The broad paper- circle on the ſur- 
face of the wooden frame 


17. Contains four concentric circular 
ſpaces. The innermoſt of which is di- 
vided into 360 degrees, and numbered in- 
to four quadrants, beginning at the eaſt 
and welt points, and proceeding each way 


to go degrees at the north and ſouth 


points; theſe are the four cardinal points 
of the horizon. The ſecond circular 
ſpace contains, at equal diſtances, the 
thirty-two points of the mariner's compals. 
Another circular ipace 1s divided into twelve 
equal parts, repreſenting the twelve figns of 


the zodiac ; theſe are again ſubdivided into 


30 degrees each, between which are en- 
graved their names and characters. This 


| ſpace is connected with a fourth, which 


contains the kalendar of months and days; 
each day, on the new eighteen inch globes, 
being divided into four parts, which expreſs 
the four cardinal points of the day, ac- 

cording 
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oording to the Julian reckoning; by which 
means the ſun's place is very nearly ob- 
tained for the three common years after 
biſſextile, and the intercalary day inſerted 
without confuſion. Whence we derive the 
following 


PROBLEM I. 


To find the ſun's place any day in 
the year on the broad paper- 


circle. 


18, Conſider whether the year in which 
you ſeek the ſun's place, is biſſextile, or 
the firſt, ſecond, or third year after, 

19. If it be the firſt year after biſſextile, 
thoſe diviſions to which the numbers for 
the days of the month are_ affixed, are the 
reſpective days for each month of that year 
at noon ; oppoſite to which, in the circle 
of twelve ſigns, is the ſun's place. 

20. If it be the ſecond year after biſſex- 
tile, the firſt quarter of a day backwards, 
or towards the left hand, is the day of the 
month for that year, againſt which, as be- 
fore, is the ſun's place. 


21. If 
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| 21. If it be the third year after biſſextile, 
4 half a day backwards is the day of the 
* month for that year, oppoſite to which is 
it the ſun's place. 
16 22. If the year in which you ſeek the 
ſun's place is biſſextile, then three quarters 
of a day backwards is the day of the month 
from the winter- ſolſtice to the 28th day 
| of February incluſive. The intercalary 
Wh. | or 29th day, is three fourths of a day to 
1 the left hand from the iſt of March; and 
the 1ſt of March itſelf is one quarter of a 
day forward, from the diviſion marked 1 ; 
1 and ſo for every day in the remaining part 
of the leap- year; againſt each of which 
is had the ſun's place. 
In this manner the intercalary day is very 
i well introduced every fourth year into the 
| kalendar, and the ſun's place very nearly 
obtained according to the Julian reckoning. 


— 


Thus: 

A. D. Sun's place, April 25. 

1769. firſt year after biſſextile &: 5® : 217 

1770. ſecond - - - - - = 8:59: 067 

1771. / 5 83 Fg . 35. 

1772. biſſextile - » - - .. W250 2957 
22, One 


#7 


9 CY 
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22. One uſe of the broad paper-circle is 


to diſtinguiſh the points of the horizon ; in 


which caſe it repreſents the real horizon of 


any particular place. 
23. Another uſe we ſhall make of this 


circle is to repreſent the circle of illumina- 


tion, or that circle which ſeparates day from 
night. 
24. A third uſe to which this circle may 


be applied, is to repreſent the plane of the 
echptic. All of which ſhall be illuſtrated 


in their proper places. | 

25. In all poſitions of the celeſtial globe 
this broad paper- ſurface is the plane of the 
horizon, and diſtinguiſhes the viſible from 
the inviſible part of the heavens. 


26. The north- ſide of the wooden frame 
ought to be placed directly towards the 
north-ſide of the heavens, which is readily 
done by the mariner's compaſs under our 
new globes, 


The ſtrong braſs circle, or meri- 
dian. 


27. There are two notches in the broad 
wooden circle, upon the plane of which the 
broad 


10 
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broad paper- circle is placed, which receive 
the ſtrong braſs circle: the body of the 
globe being ſuſpended at two oppoſite points 
in this circle, turns round therein on its 


iron poles, one of which repreſents the north 
and the other the ſouth-pole. 


28. One fide of this ſtrong braſs circle 
is graduated into four quadrants, each con- 
taining 9o degrees. The numbers on two 
of theſe quadrants increaſe om the equa- 
tor towards the poles; the nun:bers on the 
other two increaſe from the poies towards 
the equator. 

29. The ſtrong braſs circle of the celeſtial 
globe is called the meridian, becauſe the 
ſun's center is directly oppoſite thereto at 
noon. 

30. On the ſtrong braſs circle of our 
new terreſtrial globe, and about 234 de- 
grees on each fide of the north-pole, the 


days of each month are laid down accord- 


ing to the ſun's declination ; and this braſs 


circle is ſo contrived, that the globe may 


be placed in the poſition of a direct or right 
ſphere, ( which is, when the north and 
ſouth-poles are placed in the plane of the 
broad paper-circle) and alſo that the ſouth- 


pole 
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pole may be elevated above the plane of 
the broad paper- ſurface, with as much eaſe 
as the north- pole. A circumſtance which 
we thought not unworthy of our attention 
in the conſtruction of our new globes. 

31. The graduated ſide of the ſtrong 
braſs circle, encompaſſing our new terreſtrial 
globe, faces the welt. 

32. But that which ſurrounds the cele- 
tial globe, faces the eaſt. 


33- In all inclinations of either globe, 
their north-poles ſhould be directed towards 
the north-point of the heavens, which the 
mariner's compaſs placed under each of 
the globes, will enable us to do with the 
greater readineſs. 


The horary circle. 


34. We uſe no other circle to meaſure 
the hours and minutes of time, but the 
equator upon the ſurface of either globe; 
it not only being the moſt natural, but 
the largeſt circle that can poſſibly be 
applied tor that purpoſe. This is done 
by a ſemi-circular wire placed in the 
plane of the equator, carrying two indices ; 

one 
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one of which is occaſionally to be uſed to 
point out the time. | 

As the firſt meridian in our new globes 
paſſes through London, it therefore becomes 
the XII o'clock hour-circle ; and this falls 
upon the interſection of the equator and 
ecliptic at the firſt point of aries; the 
other XIIth hour-circle paſſes through the 
oppoſite interſection at the firſt point of 
libra, 


Alſo remember, when the globe ſhall. be 
hereafter rectified for London, or any other 
place, on the ſame meridian with it, that 
then the graduated fide of the ſtrong braſs 
meridian is the. horary index itſelf. 


Likewiſe it may happen, the globe ſhall 
be ſo rectified as that the two points of 
XII p'clock will fall in or fo near the eaſt 
and weſt-points of the broad paper- circle 
that neither of the horary indices can be 
applied thereto ; therefore either of theſe 
points themſelves will then be the horary 
index in ſuch a caſe. 


35. The hours and minutes are oraduated 
below the degrees of the equator on either 
globe ; and as 


36. The 


is from weſt to eaſt, the horary numbers 
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36. The motion of the terreſtrial globe 


increaſe according to the direction of that 
motion. 


being from eaſt to weſt, the horary num- 


bers increaſe in that direction. 


The thin braſs emiecitcle. hh 


38. This turns upon the poles of the 
globe, and may be called a proper or a 
moveable meridian. It is graduated each 
way to go degrees from the equator to 
either pole. 


59. To this ſemi- circle on the new ce- 
leſtial globe is fitted a ſmall thin braſs cir- 
cle about half an inch diameter, which 
ſlides from pole to pole; when we conſider 
the ſun's apparent diurnal motion, we call 
it an artificial ſun. 

40. But to the thin ſemi- circle applied to 
the new terreſtrial globe, is fitted a ſmall 


thin circle about two inches diameter, that 


flides from pole to pole ; ; which is divided 
into a few of the points of the mariner's 
compaſs, 


37. The motion of the celeſtial glo obe 
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compaſs, and is called a terreftrial or vi/ible 
bortzon. 


The braſs quadrant of altitude 


41. Is a thin narrow flexible flip of braſs, 
that will bend to the ſurface of the globe; it 
has a nut with a fiducial line upon it, which 
may be readily applied to the diviſions on the 
ſtrong braſs meridian of either globe ; one 
of its edges is graduated into 90 degrees. 
Upon the terreſtrial globe its uſe is to ſhew 
the diſtance of places ; and when applied 
to the celeſtial globe, it ſhews the diſtance 
between two ſtars. Upon both globes it 
becomes occaſionally a ſecondary to the ho- 
rizon; and has other uſes, which will be 
erg ſhewn. 


Of the ſeveral circles deſcribed upon 
bhe ſurface of each globe. 


442. We may imagine as many as we 
pleaſe upon the ſurface of the earth, and 
conceive them to be extended to the ſphere 
of the heayens, marking thereon concentric 
circles. 


43. Great 


Z 
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43. Great circles paſs through the center, 
and divide the globe into two equal hemi- 
ſpheres: all circles are ſuppoſed to be di- 
vided into 360 degrees. 

We ſhall begin with the deſcription of 
the equator, this being the moſt eminent 


great circle on either globe. 


The E QUATO R 


44. Is go degrees diſtance from the 
two poles of the globe; and is ſo called, 
becauſe when the fun appears to paſs ver- 
tically over this circle, the days and nights 
are of an equal length to all the inhabitants 
of the earth. 

45. The plane of the equator paſſes 
through the middle of the globe at right 
angles to the polar- axis. 

On our new globes it is graduated into 
360 degrees; upon the terreſtrial globe the 
numbers increaſe from the meridian of 
London weſtward, and proceed quite round 
to 360. 

46. They are alſo numbered from the 
ſame meridian eaſtward by an upper row 
of figures, for the eaſe of thoſe who uſe 

the 
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the Engliſh tables of the latitude and oy 
tude of places. 

47. On our new celeſtial globes the equa- 
torial degrees are numbered from the firſt 
point of aries eaſtward to 360 degrees. 

48. Cloſe under the degrees, on either 
be is graduated a circle of hours ahd 
minutes. 

49. On the celeſtial globe the hours in- 

creaſe eaſtward from aries to XII at libra, 
where they begin again in the ſame direc- 
tion and proceed to XII at aries. 
Fo. But the horary numbers under the 
equator of the terreſtrial globe increaſe by 
twice twelve hours weſtwards, from the 
meridian of London to the fame again. 

51. In every poſition of the globe, ex- 
cept that of a parallel-ſphere, the plane of 
the equator cuts the eaſtern and weſtern 
points of the broad paper-circle, when con- 
fidered either as an horizon, _ ecliptic, or 
circle of illumination. 

And as the globe is turned about, it al- 
ways keeps to one point of the ſtrong brafs 
circle, in which, as hath been obſerved, the 
degrees are numbered both ways from the 
equator, that the diſtance of latitude north 
or 
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or ſouth of any point on the ſurface of 
the globe may be more eaſily computed. 
Whence ariſes the following 


ProBLEM IT. 
To find the latitude of a place. 


52. Bring the place to the graduated ſide 
of the ſtrong braſs meridian, the degree it 
then cuts ſhews its diſtance from the equa- 
tor, which on the terreſtrial globe is called 
latitude. | 
| Thus London has 5 1 deg. 32 min. of 
BY north latitude ; Conſtantinople 41 deg. of 
: | north latitude ; Quebec, in Canada, 46 deg. 
55 min. of north latitude ; and the Cape of 


- Good Hope 34. deg. ſouth latitude. 

f 

ProBLEM III. 

r To find all thoſe places which have 
; the ſame latitude with any given 
. place. " 

: 53. Suppoſe the given place London; turn 
$ the globe round, and all thoſe places which 


Cc paſs 
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paſs under the ſame point of the ſtrong braſs 
meridian, are in the ſame latitude. 


PROBLEM IV. 
To find the difference of latitude 


between any two places. 


54. Suppoſe London and Rome, find the 
latitude of each place by problem ii. art. 52. 
Their difference is the anſwer. 


PROBLEM V. 


T o find the declination of the fun 
or any ſtar, 


55. Firſt, On either globe for the fun's 
declination find his place in the ecliptic by 
problem 1. art. 15. 'Then bring that point of 
the ecliptic line upon the globe under the 
graduated fide of the ſtrong braſs meridian, 
and the degree which it cuts is the ſur's 
declination for that day. Or, 

Upon the terreſtrial globe, that parallel 
which paſſes through the point of the ecliptic 


anſwering to the day of the month, will 
ſhew 
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ſhew the ſun's declination, counting the num- 
ber of parallels from the equator. Alfo, 

On the celeſtial globe, ſeek the day of the 
month cloſe under the ecliptic line itſelf, 
againſt which is the ſun's place, bring that 
point under the graduated fide of the ſtrong 


| braſs meridian, and the degree that ſtands over 


it is the ſun s declination for that day. Thus 
on the 2oth of May the ſun's declination 
will be about 23 deg. 10 min. and upon the 
23d of Auguſt it will be 11 deg. 13 min. 


For the declination of any ftar. 


Secondly, Bring the ſtar to the graduated 


| fide of the ſtrong braſs meridian on the 


celeſtial globe, and the degree it ſtands under 
1s its diſtance from the equator, and this 
diſtance is called the far's declination, which 
may be either north or ſouth, according to 
the ſide of the equator on which the ſtar is 
ſituated. 

Thus the declination of the ſtar Arcturus, 
marked «x in the conſtellation Bootes, has 


about 20 deg. 30 min. north declination, 


and that of Syrius in Canis major, or the 
C 2 dog-ſtar, 
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dog-ſtar, marked a, is about 16 deg. 30 min. 
ſouth declination. 

56. Hence we ſee that the latitude of 
places on the earth, and the declination of 
the ſun and ſtars, &c. in the heavens, have 
but one idea, the meaning of which is no 
more than their diſtance (either of places on 
the terreſtrial, or of the luminaries in the 
celeſtial ſpheres) from the equator. 

57. The declination of a fixed ſtar always 
continues the ſame, but that of the ſun, 
moon, and planets, vary. 

58. Thoſe ſtars, whoſe declinations are 
equal to the latitude of any place upon the 
earth, are called correſpondents to that place; 
and paſs once in every 24 hours vertically to 
the inhabitants of ſuch latitude : that is, thoſe 
ſtars appear in their zenith, or are directly 
over their heads. Hence the following 


PROBLEM VI. 


To find what ſtars paſs over or nearly 
over the zenith of any place. 


59. Find the latitude of the place by 


prob. ii. art. 52. upon the terreſtrial globe, 
which 


0 


ſe 


which is the diſtance of that place from the 
equator; then turning the celeſtial globe, 
all thoſe ſtars which paſs under the ſtrong 
braſs meridian at the ſame diſtance from the 
equator, will paſs directly over the heads 
of thoſe inhabitants, and therefore become 


celeſtial correſpondents to all thoſe who live 


under the ſame parallel of latitude. 

Thus the ſtar marked y of the ſecond 
magnitude in the head of the dragon is 51 
deg. 32 min. diſtant from the celeſtial 
equator, ſo alſo is London at the fame diſ- 
tance from the terreſtrial equator : therefore 
the declination of this ſtar is equal to the 
latitude of London, and conſequently it be- 
comes our celeſtial correſpondent. 

The ſtar marked æ of the firſt magnitude 
in Perſeus's fide, called Algenib, paſſes over 
the zenith of thoſe inhabitants in France who 
live 14 min. of one degree ſouth of Paris; 
it alſo paſſes nearly over the zenith of St. 
George's Bay in Newfoundland. 


Celeſtial and terreſtrial meridians 


60. Are great circles drawn upon the 
globes from one pole to the other, and 
C 3 croſſing 
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croſſing the equator at right angles. Upon 
our new terreſtrial globe there are twenty- 
four of theſe meridians, which are alſo hour- 
circles, being 15 degrees from each other. 
Thus 1 5 degrees on the equator is equal to 
one hour, and each ſingle degree equal to four 
minutes of time. Only four meridians are 
drawn upon the ſurface of the celeſtial globe. 


61, There are no places on the ſurface 
of the earth, or ſpaces in the apparent iphere 
of the heavens, through which meridians 
may not be conceived to paſs ; conſequently 
all points on the terreſtrial or in the celeſtial 
ſpheres have their meridians. 


62. This variety of meridians on the 
globes is ſupplied by the thin braſs ſemi- 
circle, which being moveable about the 
poles, may be ſet to cvery individual point 
of the equator. Whence we call it a move- 
able meridian, art. 38. 


63. All thoſe great circles, that are drawn 
from pole to pole, are the meridians of thoſe 
places through which they paſs. 

64. One of theſe meridians on our new 
terreſtrial globe paſſes through London, and 
is called 2 h meridian ; becauſe from that 
point where it croſſes the equator, the degrees 


of 


it 


time, begin. ö 
Some geographers make their firſt meri- 
dian paſs through the iſle of Fer or Ferro. 


PROBLEM VII. 
To find the longitude of a place. 


65. The longitude of any place is that 
point or degree upon the equator which is 
croſſed by the meridian of that place, reckon- 
ed from a firſt meridian. 

Bring the graduated edge of the move- 
able meridian to the place, and that degree 
on the equator which is cut by the ſame 
edge, is its longitude from London, in de- 
grees, and minutes, or that hour and minute 
is its longitude expreſſed in time. 

Or if we bring the place to the graduated 
ſide of the ſtrong braſs meridian, that will 
cut the equator in the longitude as before. 


Thus Boſton in New England is about 
70% degrees weſt of London; Cape 
Comorin in the Eaſt Indies 2829. welt 
of London, or the longitude of the firſt 


C 4 place 
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of longitude, and the hours and minutes of 
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place * expreſſed in time is 4 h. 42 min. of 
the ſecond 18 h. 48 min. 

66. The method of reckoning longitude 
always weſtward from the firſt meridian is 
moſt natural, becauſe it is agreeable to the 
real motion of the earth; 

67. But the common method is to reckon 
it half round the globe eaſtward, and the 
other half weſtward from the firſt meridian, 
ending either way at 180 degrees. 

Thus Cape Comorin is 78 degrees eaft 
of London. 

Note, The numbers neareſt the equator 
increaſe weſtward from the meridian of 
London quite round the globe to 360, 
over which another ſet of numbers is en- 
graved which increaſe the contrary way, by 
which means the longitude may be reckoned 
upon the equator either eaſt or welt. 

68. It is mid-day or noon to all places 
in the ſame meridian at the ſame time. 

Thus London, Oran, Cape Coaſt-caſtle 
in the Mediterranean, and Mundfort on the 
Gold-coaft, have their noon nearly at the 
ſame time ; Boſton in New England about 
4 h. 42 min, later; and Cape Comorin 
18 h. 48 min. later, 

| 69. The 
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69. The difference of longitude of any 
two places is the quantity of an angle at the 
pole made by the meridians of thoſe places; 
which angle is meaſured upon the equator. 


To expreſs this angle upon the 
globe 


70. Bring the graduated edge of the move- 
able meridian to one of the places, and the 
other place under the graduated ſide of the 
ſtrong braſs circle: they then contain the 
required angle; the meaſure or quantity of 
which is the number of degrees counted 
on the equator between theſe two braſs 
meridians. 


PROBLEM VIII. | 
To find what places have mid-day 


or the ſun upon their meridian, 
at any given hour of the day in 
any place propoſed. 


71. Firſt, Let the hour propoſed be X 
oclock in the morning at London. 
As 


Yo + 


: A CC” 2 
4 b * 


— — 


26 Drsciprro and Us of the 


—— —— 
— — — a 
„„ ö 


As the real diurnal motion of the earth, 


here repreſented by the terreſtrial globe, is 
from weſt to eaſt, 


72. All places to the eaſtward of any 
particular meridian muſt neceſſarily paſs by 
the ſun, before the meridian of any other 
place to the weſtward of that particular 
meridian can arrive at it. 


73. And therefore as the firſt meridian 
on our new terreſtrial globe paſſes through 
London, if the propoſed place be London, 
as in this caſe, bring the given hour to the 
eaſt of London if it be in the, morning, but 
to the weſt of London if it be in the after- 
14 noon, to the graduated ſide of the ſtrong 
* braſs meridian; and all thoſe places which 
lie directly under it, have noon or the ſun 
upon their meridian when it is X o'clock at 
London. 


Thus having brought the Xth hour on 
the equator to the eaſtward of London un- 
der the divided fide of the ſtrong braſs 
meridian, it will be found to pats over the 
eaſtern fide of Lapland, and the eaſtern ex- 
tremity of the gulf of Finland, Peterſburgh 
in Ruſſia, to croſs a part of Moldavia and 

the 
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the Black 'Sea, thence it paſſes over a part of 
Turky, and goes between the iſlands of 


Candia und Cyprus in the Mediterranean, 


thence over the middle of Egypt through 
the eaſtern ſide of Africa, and acroſs the bay 


of Lorenzo; all which places have the ſun 


on their meridian when it is X o'clock in 
the morning at London. 

74. Secondly, Let the hour propoſed be 
IV o'clock in the afternoon at Port-Royal 
in Jamaica. | 

Bring Port-Royal in Jamaica to the gra- 
duated fide of the ſtrong braſs meridian, and 
ſet the horary index to that XII which is 


moſt elevated; then turn the globe from 


welt to eaſt, until the horary index points 
to IV o'clock, and the ſtrong braſs meridian, 
will paſs over the weſtern fide of the iſle 
Paſares in the Pacific ocean; and the eaſtern 
fide of the iſle la Meiz, thence it croſſes the 


equator, and paſſes nearly over the iſlands 


Mendoca and Dominica, which places have 
the ſun on their meridian when it is IV 
o'clock in the afternoon at Port-Royal in 
Jamaica, 


75. Thirdly, 
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. 7 5. Thirdly, Let the propoſed hour be 
30 min. paſt Vo clock in the morning at 
Cape Paſaro in the iſland of Sicily. 


Bring Cape Paſaro to the graduated ſide 
of the ſtrong braſs meridian, ſet the horary 
index to that XII which is moſt elevated, 
and turn the globe weſtward, becauſe the 
propoſed time is in the morning, till the 
horary index points to 5; h. 30 min. and 
you'll find the ſtrong braſs meridian to paſs 
over the middle of Siberia, Chinefe Tartary, 
the kingdom of China, Kanton in China, the 
middle of the iſland of Borneo, &c. at all 
which places it is noon, (they having the 
fun upon their meridian at the fame time) 
when it 1s half an hour paſt V o'clock in the 
morning at Cape Paſaro in Sicily. 


PROBLEM IX. 


To find what hour it is at any place 
propoſed when it is noon at any 
given place. 


76. Bring the propoſed place under the 
— ſide of the ſtrong braſs meridian, 
and 
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and ſet the horary index to XII (if the given 
place be London, the graduated fide of the 
ſtrong braſs meridian is the horary index) 
then turning the globe, bring the given place 
to the meridian and the hour required will 
be ſhewn by the horary index upon the 
equator. If the propoſed place be to the 
eaſtward of the given place, the anſwer will 
be after noon, but if to the weſtward of i it 
the anſwer is before noon. 

Thus when it is noon at London, 
it is 49 minutes paſt XII at Rome, and 
32 minutes paſt VII in the evening at 
Kanton in China, and alſo 15 minutes paſt 
VII o'clock in the morning at Quebec in 
Canada, and this at one and the ſame inſtant 
of time. | 


PROBLEM X. 


At any given time of the day in the 
place where you are, to find the 


hour at any other place propoſed. 


77. Bring the propoſed place under the gra- 
duated ſide of the ſtrong braſs meridian, and 
ſet the horary index to the given time; then 

turn 
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turn the globe till the place where you are 
is under the braſs meridian, and the horary 
index will point to the hour and minute 
required. 

Thus ſuppoſe we are at London at IX 
oclock in the morning, what time of the day 
is it then at Kanton in China? anſwer 37 
minutes paſt IV in the afternoon. 

Alfo, when it is IX in the evening at 
London, it is about 1 5 minutes paſt IV o'clock 
in the afternoon at Quebec in Canada. 


PROBLEM XI. 


T he latitude and longitude of any 
place being known ; to find that 
place upon the ks, or if it be 
not inſerted, to find its place and 
fix the center of the artificial 
horizon thereon, 


78. The latitude of Smyrna in Aſia is 
41} 38 deg. 28 min. north, its longitude 27 
#1 49 * 30 min. eaſt of London. 
| Bring 27 deg. 30 min. on the equator 
_ eaſtward of our firſt meridian to the gra- 
1 | duated 
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duated face of the ſtrong braſs circle, and 
under 38 deg. 28 min, on the north fide of 
the equator you will find Smyrna. 

The latitude of Cape Lorenzo in Pera is 
1 deg. 2 min. ſouth, and longitude 80 deg, 
17 min. weſt of London : this place is not 
inſerted upon the globe. Therefore bring 
the graduated edge of the moveable meridian 
to 80 deg. 17 min, counted weſtward on 
the equator, and ſlide the diameter of the 
artificial horizon to 1 deg. 2 min. ſouth; 
and its center will be correctly placed on 
that point of the globe where the Cape of 
Lorenzo ought to have been placed, 

The four laſt problems depend entirely 
on the knowledge of the longitude and dif- 
ference of longitude of places. 


The ecliptic 


79. Is that graduated circle which croſſes 
the equator in an angle of about 234 de- 
grees ; and this angle is called the N 
of the ecliptic. 

80. This circle is divided into 12 equal 
parts, each of which contains 30 degrees; 
the beginning of each 12th part is marked 
with 
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with the uſual characters Y, &, xr, S, A, 
M, 2, n, 7, VS, &, X, by which the 
twelve ſigns are repreſented upon the ter- 
reſtrial globe. But upon our celeſtial globe, 
juſt under the ecliptic, the months, and days 
of each month, are graduated, for the ready 
fixing the artificial ſun upon its place in the 
ecliptic. 

81. The ſun's apparent place is ways 
in this circle; he advances therein every day 
about 59 min. 8 ſec. of one degree, and 
ſeems to paſs through it in a tropical year. 


82. Thoſe two points, where the ecliptic 
croſſes the equator, are called equinoctial 
Points, and are marked with theſe characters 
and = at the beginning of Aries and 
Libra. 

83. The firſt of theſe is called the vernal, 
the ſecond the autumnal equinox. 

84. The beginning of cancer and capri- 
corn are marked with the characters 5 and 
vs, which two points are called the ſolſtices; 
the firſt is the ſummer ſolſtice, the ſecond 
that of the winter, to all inhabitants upon 
the north ſide of the equator ; but directly 


contrary to thoſe on the ſouth fide of it. 
Although 
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Although the ecliptic does not properly 
belong to the earth, yet we have placed it 
upon our terreſtrial globe according to an- 
cient cuſtom ; it being uſeful in ſome par- 
ticular caſes; it is chiefly to be regarded 
upon the celeſtial globe. 

85. The longitude of the ſtars and planets 
is reckoned upon the ecliptic ; the numbers 
beginning at the firſt point of aries Y, where 


the ecliptic croſſes the equator and increaſing 


according to the order of the ſigns. 
86. The latitude of the ſtars and planets 
is determined by their diſtance from the 


_ ecliptic upon a great circle paſſing through 


its poles, and croſſing it at right angles. 

87. Twenty-four of theſe circular lines, 
which croſs the ecliptic at right angles, 
being fifteen degrees from each other, are 
drawn upon the ſurface of our celeſtial 
globe; which being produced both ways, 
thoſe on one fide meet in a point on the 
northern polar-circle, and thoſe on the other 
meet in a point on the ſouthern polar-circle. 


88. The points determined by the meet- 
ing of theſe circles are called the poles of 
the ecliptic, one north, the other ſouth. 


D 89, The 


34 DescrIPTION 4nd Usn of the 


89. The longitude of the ſtars hath been 
obſerved to inereaſe about a degree in 72 
years. 


The celeſtial ſigns and 223 


90. On the ſurface of the celeſtial globe 
are repreſented by a variety of human and 
other figures, to which the ſtars that are 
either in or near them, are referred. 

91. The ſeveral ſyſtems of ſtars, which 
are applied to thoſe images, are called con- 
feellations, Twelve of theſe are repreſented 
on the ecliptic circle, and extend both 
northward and ſouthward from it. 80 
many of thoſe ſtars which fall within the 
limits of 8 degrees on both fides of the 
ecliptic circle, together with ſuch parts of 
their images as are contained within the 
aforeſaid bounds, conſtitute a kind of broad 
hoop, belt, or girdle, which is called the 
zodiac. 

92. The names and the reſpective cha- 
racters of the twelve ſigns of the ecliptic 
1.188 | may be learned by inſpection on the ſurface 
5 of the broad paper circle; and the con- 
1188 ſtellations from the globe itſelf. 

4 5 93. The 


'Celeftial and Terreftrial GrokEs. 35 


93. The zodiac is repreſented by eight 
circles parallel to the ecliptic, on each ſide 
thereof; theſe circles are one degree diſtant 
from each other, ſo that the whole breadth 
of the zodiac is 16 degrees. : 

94. Amongſt theſe parallels, che latitude 
of the planets 1 is reckoned; and in their ap- 
parent motion they never excoed the limits 
of the zodiac. 

95. On each fide of the zodiac, other 
conſtellations are diſtinguiſhed ; thoſe on 
the north ſide are called northern, and thoſe 
on the ſouth fide of it, ſouthern conſtellations, 

96. All the ſtars which compoſe theſe 
conſtellations, are ſuppoſed to increafe their 
longitude continually ; upon which ſuppo- 
ſition the whole ſtarry firmament has a flow 
motion from weſt to eaſt; inſomuch that 
the firſt ſtar in the conſtellation: of aries, 
which appeared in the yernal interſection of 
the equator and ecliptic in the time of 
Meton the Athenian, upwards of 1900 
years ago, is now removed about 30 degrees 


| from 1 it. 


97. From the different magnitudes of 
the ſtars, ſome appear to be greater than 
others, or nearer to us: on our celeſtial 


D 2 globe, 
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globe, they are diſtinguiſhed into ſeven dif- 


ferent magnitudes. 


General phænomena ariſing from the 
_ earth's diurnal motion. 


98. The daily rotation of the earth about 
its axis is one of the moſt eſſential points, 
which a beginner ought to have in view; 
for every particular meridian thereon is ſuc- 
ceſſively turned towards every point in the 
heavens, and as it were deſcribes circles 
in the celeſtial ſphere, perpendicular to the 
axis of the earth, and parallel to each other; 
by which means the fixed ſtars ſeem to have 
an apparent diurnal motion. 


99. Except thoſe two points in the ſtarry 
firmament, into which the earth's axis, ſup- 
poſed to be ſo far extended, would fall; theſe 
two points are called the celeſtial poles, which 
correſpond with our terreſtrial north and 
ſouth poles. 

100, We have contrived our new globes 
ſo that the real diurnal motion of the earth 
and the apparent diurnal motion of the 
heavens e are * repreſented by them, art. 5. 6. 
| and 


"329 
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amd thence all problems ſolyed as readily] in 
fouth as in north latitudes, and in places on 
or near the equator : by which means we 
are enabled to ſhew, how the viciſſitudes of 
days and nights, their various alterations in 
length, the duration of the twilight, &c. are 
really made by the earth's daily motion, 


upon the principles of the Ar and 
Copernican ſyſtems. - | 


101. In fig. 3, Æ N QS Nbg 8 
the apparent concave ſphere of the fixed 
ſtars, xnqs x the globe of the earth, 
whoſe axis ns is ſuppoſed to be extended 
to N 8, in the ſphere of the fixed ſtars; all 
the ſtars ſeem to revolve upon theſe two 
points as poles. 

102, If the plane of the earth's equator 
* 2 q c &, is conceived to be extended to 
the ſtarry firmament, it will point out the 
celeſtial equator E x N A. E 
10g. N repreſents the celeſtial, and n the 
terreſtrial north pole, S and s the ſouth pole. 


Parallels of latitude, declination, 


i  kropics and Polar-circles, 
104. Fig. 3. That circle which any far 


ſeems to deſcribe in twenty-four hours, is 


D 3 called 
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called its parallel: thus, ſuppoſe a right ling 
drawn from C the center of the earth; 
through any point d of its ſurface, and ex- 
tended to D in the ſtarry firmament, by 
means of the earth's daily rotative motion, 
the extremity D of the line C D will de- 
ſcribe the celeſtial parallel G x Dx G, 
correſponding to the terreſtrial parallel g d, 
of the point d. If D C be ſuppoſed to be 
extended to , the oppoſite ſide of the ſtarry 
firmament, it will deſcribe another parallel 
equal to the former. 


105. Thoſe circular lines upon the ter- 
reſtrial globe, which are deſcribed from the 
poles, on either ſide of the equator, are 
parallel to it, and are called parallels of 
latitude, but on the celeſtial globe they are 
called parallels of declination. 


106. There are four principal leſſer cir- 
cles parallel to the equator, which divide the 
globe into five unequal parts called 2bnes ; 
theſe are the two tropics, and the two polar- 
circles. 

107. We have already ſhewn, that the 
diſtance of any paralle] from the equator, 


meaſured in the arch of a great circle on the 


terreſtrial 
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terteſtrial ſphere, is its latitude ; and on the 
celeſtial ſphere, its declination, art. 56. 

108. If the ſun, moon, a fixed ſtar, or 
planet, is ſituated in any parallel between 
the equator A Q, fig. 3. and the north pole 
N, it is ſaid to have north declination, but if 
towards the ſouth pole 8, ſouth declination. 

109. Thus the two parallels G D, and 
HI, have the ſame declination : becauſe 
they are equally diſtant from A Q-the 
equator ; the firſt hath north, the laſt ut 
declination. 

110. Hence we muſt obſerve, that a 
celeſtial parallel G X D, and its correſ- 
pondent gx d upon the earth, are two 
parallel-circles, being fimilar elements of a 
cone whoſe axis is that of the earth, and 
apex C the center of the earth. Therefore 
the plane of a terreſtrial parallel cannot be 
the fame with its correſpondent celeſtial 
parallel ; only the plane of the celeſtial equa- 
tor Æ A Q Y E, is the fame with that of 
the terreſtrial equator æ 2 q, becauſe theſe 
two planes are produced by the fame radius 
CQ perpendicular to the axis N $ on 
which the earth or the heavens are ſuppoſed 
to turn. 
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III. If by the carth's daily rotative mo- 
tion, a ſtar D paſſes over the zenith d of any 
inhabitant of the earth, that ſtar is in the 
celeſtial parallel, which correſponds to the 
terreſtrial parallel of the obſerver; for the di- 
ſtance of the celeſtial parallel GD contains the 
fame number of degrees from Æ Q the ce- 
leſtial equator, as that of the inhabitants paral- 
lel g d does from æ q the terreſtrial equator. 
112. Therefore the meaſure of the arch 
of any inhabitant's diſtance from the ter- 
reſtrial equator, which is called the latitude 
of the place, is ſimilar and equal in the 
number of degrees, to that fixed ſtar's decli- 
nation, which paſſes over his zenith. 

113. If the inhabitant changes his ſitua- 
tion either north or ſouth, the different 
declinations of thoſe: ſtars which paſs over 
his zenith, at the ſeveral places of his re- 
moval, will ſhew his advance to, or ß 
from the equator. 

114. Whence any place upon the oth 
may be repr eſented by its correſponding 
zenith point, in the apparent concavity of the 
ſtarry ſphere; as ſhall be hereafter ſnewn. 
115. Upon our new terreſtrial globe, 
there are twenty-three parallels drawn at the 


diſtance 
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diſtance of one degree from each other, on 
both "ſides the equator; which, with two 
other parallels at 234 degrees ditlines. in- 
clude the ecliptic circle; theſe two are called 
the tropics. That on the north ſide of the 
equator is called the tropic of cancer: and 
the other, which is on the ſouth ſide of i it, 
the tropic of capricorn. 

116. The ſpace between theſe, two tro- 
pics, which contains about 47 degrees, was 
called by the ancients, the torr: zone. 

117. The two polar-circles are placed at 
the ſame diſtance from the poles, as d 
tropics are from the equator. 

One of theſe is called the e the 

other the ſouthern polar- circle. 
118. Theſe include 234 degrees on each 
fide of their reſpective poles, and conſe- 
quently contain 47 degrees, equal to the 
number of degrees included between hs 
tropics. 

119. The ſpace contained within the 
northern polar-circle, was by the ancients 
called the north frigid zone, and that within 
_ fouthern polar-circle the ſouth frigid zone. 

120. The ſpaces between either polar-Cir- 
cle and its neareſt tropic, which contain 

about 
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about 4.3 degrees, were by the ancients n 
the /wwo temperate Zones. 

121. Wherever any parallel paſſes PO 
two places on the terreſtrial globe, ww 
places have the ſame latitude. 

122. Alſo all thoſe ſtars which are in the 


fame parallel upon the celeſtial globe, have 


the ſame declination. 

123. And as the ecliptic is W to 
the equator in an angle of 23 degrees, and 
is included between the two tropics, every 
parallel in the torrid zone muſt neceffarily 
croſs the ecliptic in two places; which two 
points ſhew the ſun's place, when he is 
vertical to the inhabitants of that parallel ; 
and the days of the month upon the broad 
paper=circle. anſwering to thoſe points of 
the ecliptic, are the days on which the fan 
paſſes directly over their heads at noon, and 
are called their two midſummer days: 
whence the inhabitants of the torrid zone 
have two ſummers and two winters any 
year. | 
124. Hence as the earth's progreſſive, or 
rather apparent annual motion, ſeems to be 
in the ccleſtial ecliptic, the ſun's declination 
is thereby changed gr — every day. 

Therefore 
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Therefore on our new terreſtrial globe, as 
mentioned in art. 115. we have drawn 
parallels through the whole ſpace of the tor- 
rid zone, and the two ſpaces within the 
polar- circles, to give a general and clear idea 
of the ſun's apparent paſlage from one "_ 
to the other. 


The colures 


125. Are circular lines drawn on the 
celeſtial globe from pole to pole, (as meri- 
dians are upon the terreſtrial globe) crofling 
the equator at right angles. 

126. There are four colures, which form 
two great circles of the ſphere. 

127. That colure or celeſtial meridian, 
which goes through the firſt point of aries 
, and that which paſſes through the firſt 
point of libra , making together one great 
circle, is repreſented by the circle B Y K A 
in fig. 3. and is called the eguinoctial colure. 
The points marked and & are called the 
equinoxes, or equinoctial points. 

128. The two celeſtial meridians repre- 
ſented by the circle N A S QN, paſſing 
through the ſolſtitial points (marked S and 

vs) 
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W of cancer and capricorn, are called the 
fo, Mitial colures. | 

129. Theſe colures cut each other at 
right angles in the poles of the world, and 
divide the celeſtial equator, ecliptic, and 
zodiac into four equal parts. 

130. The equinoctial colure only Sik 
3 the poles of the world at N and 8. 
But, ; «Ss 

131. The ſolſtitial colure paſſes through 
the poles of the world at N and 8, and alſo 
through the poles of the ecliptic at B and K. 
Fig. 3. 

132. Whence it happens in every daily 
rotation of the earth about its axis, that the 
ſolſtitial and equinoctial colures are twice 
blended with every meridian upon the ſur- 
face of the earth: conſequently, each pole 
of the ecliptic appears to paſs, once every 
day, over all the meridians of the W n 
ſphere. 

133. All thoſe circular lines thy. are 
or may be ſuppoſed drawn on the'celeſtial 
globe, which paſs through the poles, cutting 
the equator at right angles, are called circles 
F declination ; becauſe the declination of 
thoſe points or ſtars through which they 

pals, 
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paſs, or the diſtance of thoſe ſtars from the 
equator, is meaſured upon theſe circles: and 
this is done by bringing the divided edge of 
the moveable meridian to any ſtar. _ 

134. Hence the thin braſs ſemi-circle, 
art. 38. which we call the moveable meri- 
dian, is alſo a moveable circle of declination, 


Arctic and antarctic circles, or 
circles of perpetual apparition, and 
oOccultation. ; 


135. The largeſt parallel of latitude on 
the terreſtrial globe, as well as the , largeſt 
circle of declination on the celeſtial, that 
appears entire above the horizon of any 
place in north latitude, is called by the 
ancients the arctic circle or circle of me 
tual apparition. 

136, Between the arctic circle and the 
north pole in the celeſtial ſphere, are con- 
tained all thoſe ſtars which never ſet at that 
place, and ſeem to us, by the rotative mo- 
tion of the earth, to be perpetually carried 
round above our horizon in circles parallel 
to the equator, 


137. The 
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137. The largeſt parallel of latitude on 
hs terreſtrial, and the largeſt: parallel of 
declination on the celeſtial globe, which is 
entirely hid below the horizon of any place, 
is by the ancients called he antarctic circle, 
or circle of perpetual occultation. 

138. This circle includes all the ftars 
which never riſe in that place to. an inha- 
bitant of the northern hemiſphere, but are 
perpetually below the horizon. 

139. Hence all arctic circles touch their 
horizons in the north point, and all antarc- 
tic circles touch their horizons in the ſouth 
point ; which point, in the terreſtrial and 
celeſtial ſpheres, is the interſection of the 
meridian and horizon. 

140. If the elevation of the pole be 45 
degrees, the moſt elevated part, either of the 
arctic or antarctic circle, will be in the zenith 
of the place. 

141. If the pole's elevation be leſs than 
45 degrees, the zenith point of thoſe places 
will fall without its arctic or antarctic circle. 
If greater, it will fall within. 

142. Therefore the nearer any place i is 
to the equator, the leſſer will its arctic and 
antarctic circles be; and on the contrary, 


the 
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the farther any place is from the equator; 
the greater they are. So that, 

143. At the poles, the equator mite 
conſidered as both arctic and antarctic circle, 
becauſe its plane is coincident with that of 
the horizon. | 

144. But at the equator (that is, in a right 
ſphere) there is neither arctic nor antarctic 
circle. 

145. They who live under the northern 
polar-circle, have the tropic of cancer for 
their arctic, and that of capricorn for their 
antarctic circle. 

146. And they who "Me on either tropic, 
have one of the polar-circles for their arctic, 
and the other for their antarctic circle. 

147. Hence whether theſe circles fall 
within or without the tropics, their diſtance 
from the zenith of any place is ever equal 
to the difference between the pole's eleva- 
tion, and that of the equator above the 
horizon of that place. 

148. From what has been ſaid it is plain, 
there may be as many arctic and antarctic 
circles, as there are individual points upon 
any one meridian, between the north and 

ſouth poles of the earth. 


149. Many 
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149. Many authors have miſtaken theſe 
mutable circles, and have given their names 


to the immutable polar-circles, which laſt 


are arctic and antarctic circles, in one parti- 
cular caſe only, as has been ſhewn. 


The cauſe of the daily change in 
the declination of the RR 


150. Ariſes fo the earth's annual mo- 
tion, in the ecliptic, the inclination of her 
axis, and its always moving parallel to 
itſelf. _ | 
151. Imagine the plane of the earth's | 
orbit extended as far as the fixed ſtars, it will 
there mark out the circle S, =, VS, , ©, 
which we call the celeſtial ecliptic ; ſec 
fig · 3- 

152. From this compariſon of the earth's 
orbit with the celeſtial ecliptic, is derived 
the ancient rule to find the ſun's place, if we 
firſt find the earth's place, either by obſer- 
vation-or calculation ; fix ſigns added to or 
ſubſtracted from it gives the ſun's true place 
in the ecliptic. Conſequently it is the ſame 


thing, when we conſider the daily motion 


of 
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of the earth about her equatorial axis, re- 
preſented by the terreſtrial globe, whether 
we ſuppoſe the earth, or the ſun, to 1 
an annual motion. 0 

53. It is alſo the ſame thing in the uſe 
of the celeſtial globe, whether we ſuppoſe 
the earth to turn upon her equatorial axis, 
or the ſtarry ſphere to revolve upon the 
extremities of the ſame axis extended to the 
heavens: the reſult in either caſe will be 
the ſame, provided we conceive ourſelyes at 
the center of the globe. 

154. Hence we ſhall ſuppoſe the ſun's 
apparent annual motion to be in the plane 
of the celeſtial ecliptic, and in his paſſage 
through it, deſcribing by a. ray connecting 
the centers of the earth and ſun, a different 
circle of declination, parallel to the equator 
every day. Whereby all thoſe people who 
inhabit any of thoſe' places on the earth 
which are fituated between the terreſtrial 


pp of cancer repreſented in fig. 3. by 
„e, and the terreſtrial tropic of capricorn 


pl by h, VS, have the ſun at the. 


time he is deſcribing their parallel in their 


zenith; or directly vertical, or over their 


heads, ln happens twice every year. 
155. 
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155. Whence the inhabitants of thoſe 
places, as well as mariners who paſs be- 
tween the tropics, have a correſponding 
zenith- point, where their latitude is equal 
to the ſun's parallel of declination, from the 
fun by day, and from the ſtars by night. 

156. Hence it is eaſily conceived, thai 
if the planes of the equator and ecliptic 
were united in one continued plane, a 
central ſolar ray connecting the centers of 
the earth and ſun, would by the earth's 
diurnal motion deſcribe the equator every 
day; but, as we have before obſerved, the 
ſun does apparently deſcribe a different 
parallel every day: wherefore the ecliptic 
and equator are inclined to each other in 
an angle confirmed by obſervation of about 
23 deg. 29 min. 

157. Let the ſun's apparent annual mo- 
tion be repreſented by the circle S, =, V, 
G, fig. 3. which biſects the celeſtial equator 
A =Q Y E, in the points & and v; the 
firſt of theſe is called the autumnal, the 
ſecond the vernal equinoCtial point. 

158. When the ſun is in =, he appears 
to deſcribe the equator, at which time he 
has no declination; and as he proceeds 

gradually 


Celeſtial and Terreſtrial Gronks. 51 


gradually from = towards vs, his ſouthern 
declination continually increaſes, and he 
deſcribes leſs and leſs parallels, till he ap- 
pears in VS, and then deſcribes the tropic 
of capricorn; being then at his greateſt 
ſouthern declination, and at his greateſt 
diſtance from the equator ſoutherly, and 
alſo in the winter-ſolſtice. 

159. It paſſing from vs to , his decli- 
nation decreaſes, and the parallels he de- 
{cribes are greater and greater, until he 
comes to aries or the vernal equinox, and 
again has no declination, deſcribing the 
equator as before. 

160. As he advances from thence to- 
wards S, the declination increaſes, and the 
parallels deſcribed are leſs and leſs, until he 
arrives at S or the ſummer-ſolſtice ; being 
then at his greateſt north declination, de- 
ſeribing the tropie of cancer. 

161. Thence proceeding forwards to- 
wards 2, the declination continually de- 
creaſes, and the parallels deſcribed increaſe 
till the ſun's arrival at the next ſucceeding 
autumnal equinox; where he again de- 
{cribes the equator, having no declination 


and compleats the length of a mean ſolar 
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tropical year, containing 365 d. 5 h. 49 


min. 


162. What we have ſaid with reſpect to 


ſummer and winter-ſolſtices, is to be under- 


ſtood with relation to thoſe places which lie 
between the equator and the north pole; 
but to the places between the equator and 


ſouth pole the contrary happens. 


163. The two equinoxes are the ſame to 
all the inhabitants of the earth. * 

164. We have been thus particular in 
our deſcription of the ſun's apparent annual 
motion, for the uſe of beginners; and we 
hope this conſideration will plead in our 
behalf, if we ſhould appear tedious or trifling 
to thoſe who are maſters of the ſubject, 

165. But what has been ſaid, might yet 
be more clearly illuſtrated by an orrery 
or a tellarium, which ſhews the annual and 
diurnal motions of the carth and paralleliſm 


of its axis, &c. which by the different poſi- 


tions of the earth's axis, with reſpect to her 
enlightened diſe, will appear to the eye as 
it is really underſtood by aſtronomers, and 
then we may with more propriety repair to 


the uſe of the globe itſelf. 


To 
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To ſupply the want of a Wiherzung 


Deſcribe a circle with chalk upon the floor, 
as large as the room will admit of, that the 
globe may be moved round upon it : divide 
this circle into twelve parts, and mark them 


with the characters of the twelve ſigns, as 


they are engraved upon the apy paper 
circle; placing © at the north, vs at the 
ſouth, , in the eaſt, and = in the weſt : 
the mariners compaſs under the globe will 
direct the ſituation of theſe points, if the 
variation of the magnetic needle be attended 
to, 

Note, At London the variation is be- 
tween 19 and 20 degrees from the north 
weſtward. 

Elevate the north pole of the globe that 
664 degrees on the ſtrong braſs meridian 
may coincide with the ſurface of the broad 
paper circle, and this circle will then repre- 
ſent the plane of the ecliptic, as mentioned 
in article 24. 

Set a ſmall table or a ſtool over the center 
of the chalked circle to repreſent the ſun, 
E 3 and 
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and place the terreſtrial globe upon its cir- 

cumference over the point marked vs, with 

the north pole facing the imaginary ſun, 

and the north end of the needle pointing 

to the variation : this is the poſition of the 

earth with reſpect to the ſun at the time of 
the ſummer-ſolſtice about the 21ſt of June: 

and the earth's axis, by this rectification of 

the globe, is inclined to the plane of the 

large chalked circle, as well as to the plane 

of the broad paper circle, in an angle of 234 

degrees; a line or ſtring paſſing from the 
center of the imaginary ſun to that of the 

globe, will repreſent a central ſolar ray con- 
necting the centers of the earth and ſun; this 

ray will fall upon the firſt point of cancer, and 

deſcribe that circle, ſhewing it to be the ſun's 

place upon the terreſtrial ecliptic, which is 

the ſame as if the ſun's place, by extending 

the ſtring, was referred to the oppoſite ſide 

of the chalked circle, here repreſenting the 

earth's path in the heavens. 


If we conceive a plane to paſs through 
the axis of the globe, it will alſo paſs through 
the ſun's center, and the points of cancer 
and capricorn in the terreſtrial and celeſtial 

| ecliptic; 
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ecliptic; the central ſolar ray in this poſi- 
tion of the earth is alſo in that plane; this 
can never happen but at the 'times of the 
ſolſtice. 

If another plane be cnctived to pals 
through the center of the globe at right 
angles to the central folar ray, it will divide 
the globe into two hemiſpheres ; that next 
the center of the chalked circle will repre- 
ſent the earth's illuminated diſk, the con- 
trary fide of the ſame plane will at the ſame 
time ſhew the obſcure hemiſphere. 

The intelligent reader for the uſe of his 
pupils, may realize this ſecond plane by cut- 
ting away a ſemi-circle from a ſheet of card 
paſte-board, with a radius of about 14 tenths 
of an inch greater than that of the globe 
itſelf; if this plane be applied to 664 de- 
grees upon the ſtrong braſs meridian, it will 
be in the pole of the ecliptic; and in every 
ſituation of the globe round the circum- 
ference of the chalked circle, it will afford 
a lively and laſting idea of the annual and 
diurnal motion of the earth, of the various 
phænomena ariſing from the paralleliſm of 
the earth s axis, and in particular the daily 
E 4 change 
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change of the ſun's declination, and the 
parallels thereby deſcribed. 

Let the globe be removed from vs to &, 
and the needle pointing to the variation as 
before will preſerve the paralleliſm of the 
earth's axis; then it will be plain, the ſtring 
or central ſolar ray will fall upon the firſt 
point of leo, fix figns diſtant from, but 
oppoſite to the fign zz upon which the globe 
ſtands: the central ſolar ray will now de- 
{cribe the 2oth parallel of north declination, 
which will be about the 23d of July. 

If the globe be moved in this manner 
from point to point round the circumference 
of the chalked circle, and care be taken at 
every removal that the north end of the 
magnetic needle, when ſettled, points to 
the degree of the variation, the north pole 
of the globe will be obſerved to recede from 
the line connecting the centers of the earth 
and ſun, until the globe is placed upon 
the point cancer: after which, it will at 
every removal tend more and more to- 
wards the faid line, till it comes to capri- 
corn again, 


PROBLEM 
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PROBLEM XII. 


To rectify either globe to the lati- 
tude and horizon of any place. 


166. If the place be in north latitude, 
raiſe the north pole, if in ſouth latitude, 
raiſe the ſouth pole, until the degree of the 
given latitude, reckoned on the ſtrong braſs 
meridian under the elevated pole, cuts the 
plane of the broad paper circle ; then this 
circle will repreſent the horizon of that 


place. 


To rectity for the ſun's place. 


167. After the former rectification bring 
the degrees of the ſun's place in the ecliptic 
line upon the globe to the ſtrong braſs 
meridian, and ſet the horary index to that 
XIIth hour upon the equator which is 
moſt elevated. 

168. Or, if the ſun's place is to be 
retained, to anſwer various concluſions, 
bring the graduated edge of the move- 


able meridian to the degree of the ſun's 
place 
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place in the ecliptic, upon the celeſtial 
globe, and ſlide the wire which croſſes the 
center of the artificial ſun thereto, then 
bring its center which is the interſection of 
the aforeſaid wire, and graduated edge of the 
moveable meridian, under the ſtrong braſs 
meridian as before, and ſet the horary index 
to that XII on the equator which is moſt 
elevated. 


To rectify for the zenith of any 
place. 


169. After the firſt rectification ſcrew the 
nut of the quadrant of altitude ſo many de- 
grees from the equator reckoned on the 
ſtrong braſs meridian towards the elevated 
pole, as that pole is raiſed above the plane 
of the broad paper circle, and that point 
will repreſent the zenith of the place. 

Thus London having 514 degrees north 
latitude, move the globe till the plane of the 
horizon on the north fide cuts the ſtrong 
braſs meridian in that point. 

170. If you are doubtful, whether the 
proper point of. the braſs meridian is cor- 
rectly cut, when ſet by the eye, apply a card 

| cut 
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cut in the ſhape of fig. 4. to the place flat 
upon the broad paper circle, and it will be 
truly adjuſted. 

If, when the globe is in this ſtate, we look 
on the oppoſite fide of the globe, the plane 
of the horizon will cut the ſtrong braſs 
meridian at 383 degrees, the complement 
of the latitude. 


PROBLEM XIII. 


To find the moon's mean place upon 
the celeſtial globe, her age and 
day of the month being known. 


172. The moon increaſes her longitude 
in the ecliptic every day about 13 deg. 10 
min. by which means ſhe croſſes the meri- 
dian of any place about 50 minutes later 
than ſhe did the preceding day. 

Thus if her place be in the 12th degree 
of Taurus any day at noon, it will be 25 
deg. 10 min, in Taurus on the ſucceeding 
noon. | 245 
173. It is new moon when the ſun and 
moon have the ſame longitude, or are in or 
near the ſame point of the ecliptic. - -- - 
174. When 
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174. When they have oppoſite longi- 
tudes, or are in oppoſite points of the ecliptic, 
it is full moon. 

175. To perform this problem tolerably 
near the truth, without having recourſe to 


an ephemeris, which my not always be at 


hand, 
176. Find the day of the new moon next 


preceding, the given day of the month in 
any common almanack, the number of days 
elapſed is the moon's age. 

. The equator on our new celeſtial 
globe is divided by large dots into 29 equal 
parts, each of which is directed by a ſhort 
dotted line, to a number marked in Roman 


figures, expreſſing the ſeveral days of the 
moon's age. 


The rule. 


178. Elevate the north pole of the ce- 
leſtial globe to 90 degrees, and then the 
equator will be in the plane of the broad 
paper circle; bring the firſt point of aries, 
marked Y on the globe, to the day of the 
month on the ſaid broad paper circle, which 


anſwers to the ſun's place for that day; and 
the 
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the day of the moon's age will ſtand againſt 
the ſign and degree of the moon's mean 
place; to which ſet the artificial moon ä 
the ecliptic on the globe. 

179. But if you are provided with an 
ephemeris, that will give the moon's latitude 
and place in the ecliptic ; firſt note her place 
in the ecliptic upon the globe, and then 
counting ſo. many degrees amongſt the 
parallels.in the zodiac, either above or below 
the ecliptic, as her latitude is north or ſouth 
upon the given day, and that will be the 


point which repreſents the true place of the 


moon for that time, to which apply the 


artificial moon. 


180. Note, The artificial moon is a ſmall 
thin piece of braſs in'form of a creſcent, 


having two holes a and b, fig. 5. through 
which a ſmall ſtring of filk twiſt is put, that 
it may ſlip backwards or forwards upon it. 
181, To one end c of this filk ſtring is 
tied a ſmall piece of braſs ( e c with . 


holes, at d e c. | — 


The manner of — it upon * 
globe is thus: firſt having put the creſcent 


a b, on the ſtring and the piece of braſs, 


by E the ſtring through the two holes 
d, 
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d, e, the ſtring being as yet left free, The 
two ends of the ſtring being looſe, paſs the 
end F round the north pole of the globe, 
in a grove made for that purpoſe, and tie 
it into a looſe loop like F g, then put the 
other end of the ſtring G c round the ſouth 
pole and tie it faſt to the hole at c, then by 
pulling the piece d e c upwards, the ſtring 
may be tightned on any part of the globe, 
and puſhing it downwards will ſlacken it, 
that it may be removed to any other place 


and then tightned again. 


PROBLEM XIV. 


Þ N 
To repreſent the apparent diurnal 
motion of the ſun, moon, and 


ſtars, on the celeſtial globe. 


182. Find the ſun's place by problem 1. 
art. 52. and thereto ſet the center of the 
artificial ſun. Alſo, 

183. Find the moon's place by problem 
xili. art. 171, and ſet the center of the arti- 
ficial moon upon it. 


Rectify 
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Rectify the globe to the latitude, horizon, 
ſun's place, and zenith, by problem xii. 
art. 166, 167, and 169. 

184. The globe being turned round i its 
axis from eaſt to weſt, will repreſent the 
apparent motion of the ſun, moon, and ſtars, 


for that day. 


18 5. When the center of the artificial 
ſun is in the plane of the horizon on the 


eaſtern fide, the horary index ſhews u 
the equator the time of ſun r:/mg. 


186. All thoſe ſtars which are then in 
the plane of the horizon on the eaſtern fide, 
are at the ſame inſtant of time riſing with 
the ſun, and thoſe on the weſtern fide of the 


horizon are then ſetting. 


187. And wheh the center of the arti- 
cial moon comes tothe horizon on the 


eaſtern fide, the horary index will point to 
the hour and minute of her riſing. 
And thoſe ſtars on the eaſt edge of the 
horizon are then riſing with = whilſt at 
the ſame time all thoſe ſtars, cut by the 
weſtern edge, are ſetting. 

188. That degree and minute of the 


equator which is cut by the plane of the 


horizon, at the ſame time, that the center of 
the 
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the artificial ſun, moon, or any ſtar, is alſo 
cut by the ſaid plane, is the very point of 
the equator, which riſes with either -of 
them, and is called the ſun, moon, or ſtars 
oblique aſcenſion. | 
189. As the ſun aſcends in the heayens 
till it culminates, or comes under the gra- 
duated fide of the ſtrong braſs meridian, the 
horary index will ſucceffively point to the 
hours before noon ; but when he is under 
the divided fide of the braſs meridian, the 
horary index points at XII o'clock, and that 
degree and minute on the equator, which is 
cut by the graduated face of the ſtrong 
braſs meridian, is called the ſun's right 
aſcenſion. | 
190. At the ſame time, that degree of 
the braſs meridian, which is directly over 
the artificial ſun, is his dec/znation, art. 5 5+ 
for that day. ee > 
192. The ſame is to be obſerved of the 
moon or any ſtar as they aſcend in the 
heavens, till they culminate or come under 
the meridian, the horary index conſtantly 
pointing to the hour of the day or night; 
their right aſcenſion and declination are alſo 


ſhewn in the ſame manner as that of the ſun. 
193. Whilſt 
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193. Whilſt the ſun deſcends from the 
meridian weſtward, the horary index ſuc- 
ceſſively ſhews the hours after noon. | 

194. And when the center of the arti- 
ficial ſun is in the plane of the horizon on 
the weſtern fide, the horary index ſhews 
the time of ſun ſetting; and that point of 
the equator which is then cut by the plane 
of the horizon, is the point which ſets 
with the ſun, and is called his ob/zque de 


ſcenſion. 
195. The number of degrees on the 


equator contained between the points of his 
oblique aſcenſion, and right aſcenſion, or 
between the points of his right aſcenfion 
and oblique deſcenſion, is called his ſcen- 
fional difference. 

196, Obſerve the fame with reſpect to 
the moon or any ſtar : as they deſcend from 
the meridian weſtward, the horary index 
will ſucceſſively ſhew. the time of their 


arrival at any given point, their ſetting, 
oblique deſcenſion and aſcenſional difference 


in the ſame manner as before deſcribed in 
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relation to the ſun. 1 
197. The riſing, culminating, cering &c, 


of any planet may be obtained, if the place 
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of the planet, by its longitude and latitude 
taken from an ephemeris, be aſcertained ;. 
and an artificial planet ſet thereto, in the 
manner in which we have directed the arti- 
ficial moon to be placed upon the globe, 
or this laſt may occaſionally repreſent a 
planet. | | 

198. Thus on the 18th day of June, 
A. D. 1769 new ſtile, being the firſt year 
after biſſextile, the ſun's place will be m, 
27 deg. 22 min. the moon's place © 18 
deg. o min. her latitude north o deg. 30 
min. The new moon about a + of an hour 
paſt VI o'clock in the morning, to which 
places, if the artificial ſun and moon be ſet, 
a beginner may readily exerciſe himſelf in 
finding the proper anſwers agreeable to theſe 
data, by the directions in this problem. 


Parallels of altitude. 


199. The globe remaining rectified as in 
the laſt problem, the uppermoſt point repre- 
{ents a point in the heavens directly over our 
heads, which is called the zenith: and as 
the braſs quadrant is moveable about its 
upper end as a center, when that center is 

fixed 
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fixed to the latitude of the place upon the 
ſtrong braſs meridian, it will be in the zenith, 
and the beginning of its graduations will 
coincide with the plane of the broad paper 
circle, which in theſe caſes repreſents the 
horizon of the place. 

200. If the quadrant be moved about the 

globe, its firſt divifion will deſcribe the 
horizon. And, 
201. At the ſame time, all its inter- 
mediate diviſions, will deſcribe circles pa- 
rallel to the horizon; the point marked 10 
deſcribes a parallel of 10 degrees, the point 
marked 20 a parallel of 20 degrees, and fo 
of any other point. 

202. Theſe circles parallel to the horizon 
are called parallels of altitude. 

Therefore theſe parallels ſhew the eleva- 
tion of the ſun, moon, ſtars or planets, 

above the plane of the horizon. 

And the quadrant itſelf in each caſe re- 
preſents a ſecondary of the horizon, 
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PROBLEM XV. 


To find the ſun's altitude at any 
time of the day, 


203. Set the center of the artificial ſun to 
his place in the ecliptic upon the globe; 
and rectify it to the latitude and zenith, 
by problem x11. art. 166. bring the center 
of the artificial fun under the graduated fide 
of the ſtrong braſs meridian, and ſet the 
hour-index to that XII which is moſt ele- 
vated; turn the globe to the given hour, 
and move the graduated edge of the qua- 
drant to the center of the artificial ſun; 
and that degree on the quadrant which is 
cut by the ſun's center, is the ſun's height 


at that time. 


The artificial ſun being brought under 
the ſtrong braſs meridian, and the quadrant 
laid upon its center, will ſhew its meridian 
or greateſt altitude for that day. 

If the ſun be in the equator, his greateſt 
or meridian altitude is equal to the elevation 
of the equator, which is always equal to the 


co- latitude of the place. 
Azimuth 
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Azimuth or vertical circles. 


204. An azimuth circle in aſtronomy, is 
the very ſame as a circle of poſition in 
geography; they being ſecondaries to the 
horizon, or great circles paſſing through the 
zenith of any place, and croſſing the hori- 
zon at right angles: either in the heavens 
called azimuths, or on the earth, circles of 
pojutron. 

205. Any azimuth may be repreſented 
by the quadrant of altitude, when the center 
upon which it turns, - is ſcrewed to that 
point of the ſtrong braſs meridian ; which 
anſwers to the latitude of the place, and the 
place brought into the zenith. 


Suppoſe at London, if you bring the 
divided edge of the quadrant to 10 degrees 
on the inner edge of the broad paper circle, 
it will repreſent an azimuth of 10 degrees; 
if you ſet it to 20, it will repreſent an 
azimuth of 20 degrees; and ſo of any 
other. 

206. If the quadrant of altitude be ſet 
to o degree, that is either upon the eaſt, 
or weſt points, of the broad paper circle, it 

7 will 
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will then repreſent that azimuth, which is 
called the prime vertical, 


PROBLEM XV. 


To find the azimuth of the ſun or 
any ſtar. 


207. Rectify the globe to the latitude 
and ſun's place, art. 166. 167. then turn it 
to the given hour, and bring the divided 
edge of the quadrant of altitude to the ſun's 
place in the ecliptic, or to the center of 
any ſtar, and it will croſs the horizon at the 
azimuth required, 

The diſtance of that point of the horizon, 
in which the ſun appears to riſe or ſet, 
counted from the prime vertical, art, 206. 
or caſt and weſt points of the horizon, is 
called the ſun's amplitude. 


COROLLARY. 


To find the angle of poſition, and the 


bearing of one place from another. 


208. The angle of poſition is that formed 
between the meridian of one of the places, 


and 
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and a great circle paſſing through the other 
place. 

Rectify the globe to the latitude and 
zenith of one of the places, art. 166. 167. 
ſet the graduated edge of the quadrant to the 
other place, and the number of degrees 
contained between it and the ſtrong braſs 
meridian, is the meaſure of the angle 


fought. Thus, 
The angle of poſition between the meri- 


dian of Cape Clear in Ireland, and St. 
Auguſtine in Florida, is about 92 degrees 
north weſterly, but the angle of pofition 
between St. Auguſtine and Cape Clear, is 
only about 46 degrees north eaſterly. 

Hence it is plain that the line of poſition, 
or azimuth, is not the ſame from either place 
to the other, as s the romb-lines are. 


To find the bearing of one place 


from another. 


209. The bearing of one ſea-port from 
another is determined by a kind of ſpiral 
called a romb- line, paſſing from one to the 
other, ſo as to make equal angles with all 
the meridians it paſſeth by; therefore if 
F 4 
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both places are ſituated on the ſame parallel 


of latitude, their bearing is either eaſt or 
welt, from each other; if they are upon the 
ſame meridian, they bear north and ſouth 
from one another ; if they lie upon a romb- 
line, their bearing is the fame with it; if 
they do not, obſerve to which romb-line the 
two places are neareſt parallel, and that will 
ſhew the bearing ſought. 

Thus the bearing of the Lizard Point 
from the iſland of Bermudas is nearly 
ENE; and that of Bermudas from the 


Lizard is WS W, both nearly upon the ſame 
romb, but in contrary directions. 


A parallel ſphere 


Is that poſition of the globe, where the 
poles are in the zenith and nadir, the equa- 


tor in the horizon, and conſequently thoſe 


circles which are parallel thereto, are alſo 
parallel to the horizon. 

The inhabitants of this ſphere, * any 
there be, muſt live upon the two terreſtrial 
poles, 


A right 
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A right ſphere 
Is that where the inhabitants ſee both 


les in their horizon, the equator paſſing 
through their zenith and nadir, and all the 
circles parallel to the equinoctial perpendi- 
cular to their horizon. 

Theſe people live upon the terreſtrial 
equator. | | 


An oblique ſphere 


Hath one of the poles of the globe above, 
the other under the horizon; the equator 
in all the caſes of this ſphere is half above, 
and half below the horizon, and the pa- 
rallel circles cut the horizon obliquely. . 

The inhabitants of this ſphere. are thoſe 
who live on all parts of the earth, except 
thoſe at the poles and upon the equator, 


Of the twilight. 


210. The morning-twilight or day-break 
begins when the ſun comes within 18 de- 
grees of the horizon, and continues till ſun- 
riſing. 

211. The 
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211. The evening-twilight begins at the 
time of the ſun ſetting, and continues till it 
is 18 degrees below the horizon. 

212. For this purpoſe on our new globes, 
a wire-circle is fixed eighteen degrees below 
the ſurface of the broad paper circle; fo 


that, 
213. All thoſe places which are above 


the wire-circle, will have the twilight, but 
it will be dark to all places below it. 

214. At the time of winter-ſolſtice, when 
the whole ſpace within the northern polar- 
circle is out of the ſun's light, the greater 
part of it enjoys the benefit of twilight ; 
there being only about 5 degrees round the 
pole that will be totally dark, 

215. We have here only conſidered the 
twilight reflected to us from the earth's 
atmoſphere by the fun himſelf; befides 
which the body of the ſun is always encom- 


paſſed with a ſphere of light, which being 


of a larger circumference than the ſun, muſt 


riſe before him, and ſet after him; which 
conſequently lengthens the twilight by illu- 
minating our air, when the ſun is depreſſed 
too low to reach it with his own light: 
this ſeems to be the cauſe, why the fun is 

preceded 
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preceded by a luminous ſegment of a circle 
in the eaſt before his riſing, different from 
that light reflected by the atmoſphere from 
the body of the ſun ; the like to which may 
be obſerved in the weſt after ſun-ſet. 


To repreſent the earth's enlightened 
diſk by the terreſtrial globe. 


216, We have already ſhewn how the 
earth's diurnal motion is repreſented by the 
motion of the terreſtrial globe about its axis 
from weſt to eaſt; and that the horary 
index will point upon the equator the 24, 
hours of one diurnal rotation, or any part 
of that time. 

217. The broad paper circle, under this 
conſideration, will be now employed to re- 
preſent a plane ſuppoſed to paſs through the 
center of the earth, perpendicular to a cen- 
tral ſolar ray: or in other words, perpen- 
dicular to a line ſuppoſed to be drawn from 
the center of the ſun to that of the earth at 
all times of the year. 

In which caſe, the broad paper-circle 
diyides that half of the earth's ſurface, which 
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is illuminated by the ſun's rays, from the 
other hemiſphere which is not enlightened. 
218. That thę globe may appear to be 
ſo enlightened, conceive a ſun painted on the 
ceiling of the room in which you are, 
directly over the terreſtrial globe, and of the 
ſame diameter; from whence imagine an 
infinite number of parallel rays falling per- 
pendicularly downwards upon the upper 
ſurface of the globe, which here repreſents 
the illuminated hemiſphere of the earth's 
enlightened diſk. 
219. Whence it is plain, that the central 


ſolar ray is the only one, which paſſes 


through the centers of the ſun and earth, 
as well as the only ray that can poſſibly be 
perpendicular to the earth's ſurface ; all 
other ſolar parallel rays will fall more and 
more oblique, as they are farther from the 
central ray, till their arrival at the edge of 
the enlightened diſk, here repreſented by the 
inner edge of the broad paper-circle, where 
they will become parallel to the horizons 
of all places then under the faid edge of 
the diſk. | 

220. In one diurnal revolution of the 


earth, the central folar ray deſcribes the 
parallel 


N 
— 
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parallel of the ſun's declination ; or rathet 


that parallel, to the inhabitants of which the 
ſun that day will paſs directly vertical, or 
over their heads. 

221, From this application of the ter- 
reftrial globe, we ſee the natural cauſe of the 
different altitudes of the fun at different 
times of the day, and at different ſeaſons 
of the year; which ariſe from the earth's 
daily rotative and progreſſive motion, &c. 

222. When we view the globe in this 
poſition, we at once ſee the ſituation of all 
places in the illuminated hemiſphere, whoſe 
inhabitants enjoy the light of the day, while 
at the ſame time all thoſe places below the 
broad paper-circle, are deprived of the ſun's 
light and have only twilight ſo far as the 
wire circle, and all below that, have total 
darkneſs, when the moon does not ine dn 
Den. 

223. And by obſerving the angles made 
by the meridians, drawn on the globe, cut- 
ting any parallel of latitude at the edge of 
the broad paper circle, with the ſtrong braſs 
meridian, we ſee the ſemi-diurnal arches 


continually decreaſe from the elevated pole, 
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till they come to the oppoſite part of the 
earth's enlightened diſk. 


PROBLEM XVII. 


To rectify the terreſtrial globe, that 
the enlightened half of the earth's 
ſurface may be all above the 
broad paper circle for any time 
of the year; the ſun being wp- 
poſed 1 in the zenith. 


225. On the backſide of the ſtrong braſs 
meridian, and on each fide of the north pole, 
are graduated in two concentric ſpaces tho 
months and days of the year. | 

226. Bring the day of the month to co- 
incide with the broad paper circle, and the 
terreſtrial globe is rectified. 

227. When the globe is thus rectified, 
that degree and minute upon the graduated 
fide of the braſs meridian, which is then cut 
by the plane of the broad paper circle, 1s 
the diſtance of the ſhade of extuberancy 

upon the earth's diſk, reckoned from the 


| pole, 
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pole, and is equal to the ſun's declination 
for that day : and 1s therefore alſo equal to 


the latitude counted from the equator of all 
thoſe places to whom the ſun is vertical; 


and this point on the braſs meridian repre= _ 


ſents the central ſolar ray deſcribing the 
parallel of the day. | 

228, If now the globe be turned from 
welt to eaſt, all thoſe places which arrive at 
the weſtern edge of the broad paper circle, 
are paſſing out of the twilight into the ſun's 
light; the ſun then appears riſing to all 
thoſe inhabitants. 

229. At the ſame time, if you look upon 
the eaſtern edge of the broad paper circle, 
it will cut all thoſe places which are then 
paſſing, from the ſun's light into the twi- 
light; whoſe inhabitants will ſee the ſun 
ſetting, and enjoy the twilight until they 
arrive at the wire circle, which is placed 
18 degrees below the illuminated diſk, at 
which time they enter into total darkneſs. 

230. The graduated fide of the ſtrong 
braſs meridian ſhews, at the ſame time, all 
thoſe places which have mid-day or noon. 

231. If the horary index be ſet to XII, 
when any particular place is brought under 

| | the 


80 DESCRIPTION and UsE of the 


the graduated fide of the ſtrong braſs meri- 


dian, it will ſhew as you turn the globe 
from weſt to- eaſt, the preciſe time of ſun 
riſing, ſetting, &c. at that place. 

232. The horary index will alſo ſhew 
how long a place is moving from the weſt 
to the eaſt ſide of the illuminated diſk, here 
repreſented by the broad paper circle, and 
thence the length of the day and night; it 
will alſo point out the length of the twilight 
by the time that the place is paſſing from 
the twilight circle to the edge of the diſk 
on the weſtern ſide, or from the edge of the 
diſk to that circle on the eaſtern fide, and 
thence the length of time we enjoy a nen 


artificial day. 
We ſhall Proceed to exemplify theſe 


particulars at the times of equinox and 


ſolſtice. 


ProzLeM XVIII. s 


The times of equinox. | 
10 
233. The ſun has no declination at the 
times of equinox, conſequently there muſt 


be no elevation of the poles. 15 
234. Bring 
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234. Bring the day of the month on the 
backſide of the ſtrong braſs circle, in which 
the ſun enters the firſt point of aries or libra, 
into the plane of the broad paper circle, 
and then the two poles of the globe will 
be in that plane alfo ; and all thoſe circles 
which are parallel to the equator will cut 
the plane of that broad circle at right angles, 
and the globe will then repreſent a right 
ſphere. 

235. If you now turn the globe from 
weſt to eaſt, it will plainly appear that all 
places upon its ſurface are twelve hours 
above the broad paper circle and as many 
below it, which ſhews the nights are equal 
to the days to all the inhabitants of the 
earth; that is, they are illuminated by the 
{un's rays twelve hours, whence theſe are 
called the times of equinox, which happens 
twice every year; the firſt is the autumnal, 
the ſecond the vernal equinox. 

236. At theſe times the ſun appears to 
rite and ſet at the ſame inſtant to all places 
in the ſame meridian. 

237. But their twilight is longer as their 
ſituation is nearer to either pole, in ſo much 
that within 18 degrees of the poles, their 

G twilight 
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twilight is 12 hours, conſequently there 
is no dark night in thoſe places at the times 
of equinox: when at the ſame time thoſe 
places under the equator have only one 
hour and 12 minutes twilight; fo that their 
artificial day is about 14 h. 24 min. at 
theſe two ſeaſons of the year. 

238. Thus if London, and Mundfort « on 
the Gold Coaſt, be brought to the ſtrong 
braſs meridian, the graduated ſide of 
which is the horary index; in other caſes 
the hour index ſet to that XII which is moſt 
elevated, and if then they be brought to 
the weſt ſide of the broad paper circle, the 
index will then point to VI o'clock for fun 
riſing, and to VI for ſun ſetting, when theſe 
places are brought to the caſtern fide. 

239. Alſo if London be turned from the 
weſt towards the eaſt, and the hour index 
be ſet to XII as before, then turning on till 
the iſland of Jamaica comes to the meridian, 
it ſhews on the equator the hour after noon 
at London, when it is noon at Jamaica, or 
that London paſſes under the meridian 
about 5 h. 4. min. before nen arrives 
at it. ITE 

PROBLEM 
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PROBLEM XIX. 


The ſummer-lſolſtice. 


240. Rectify the globe to the extremity 
of the diviſions for the month of June ; 
then that part of the earth's furface, which 
is within the northern polar-circle, will be 

| all illuminated by the fun, and the inha- 
4 bitants thereof will have continual day. 


5 24.1, But all that ſpace which is con- 
0 tained within the ſouthern polar-circle, will 
ö be at the ſame time in the ſhade, and have 
: continual night. 
, 242. In this poſition of f the globe, we ſee 
C how the diurnal arches of the parallels of 
| latitude decreaſe, as they are more and more 
C diſtant from the elevated pole. 
* 243. If any place be brought under the 
I graduated ſide of the ſtrong braſs meridian, 
„ and the horary index be ſet to that XII 
n which is moſt elevated, and if that place be 
yi brought to the weltern ſide of the broad 
N paper circle, the hour index will ſhew the 
CS time of ſun riſing ; and when moved to the 
caſtern edge, the index points to the time of 
M lun ſetting ; the length of the day is ob- 
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tained by the time ſhewn by the horary 
index, while the globe is turned from the 


eaſt to the weſt fide of the illuminated diſk. 


24.4. Thus it will be found that at Lon- 
don the ſun riſes about 15 minutes before 
IV in the morning, and ets about 15 


minutes after VIII at night. 


245. Alſo at the following places it will 
be nearly at the times expreſſed. 


fornia, at the tropic 
of cancer. 


15 £5 a [Length] Twi- 
Riſing. [Setting.|of Day. | light. 
1 : h. m. [h. m. h. m. h. m. 
Cape Horn 8 443 1606 3212 36 
Cape of Good-Hope 7 c94 5119 421 '43 
Rio de Janario in Bra 0 
zil, near the tropic of 6 425 190 3801 23 
capricorn ant 
. 6 6 | 
at the equator 1 A 
Cape Lucas, the ſouther- 
moſt point of 8 5 1206 4813 3601 35 


246. We alſo ſee at the ſame time, when 
the ſun riſes at London, it riſes at the Iſland 
of Sicily in the Mediterranean, and at the 


Iſland of Madagaſcar. 


2247. And at the ſame time, when the 
ſun ſets at London, it is ſetting at the land 
of Madeira, and at t Cape Hot, | 


248 | And 
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248. And when it is ſun-ſetting at the 
Iſland of Borneo in the Eaſt Indies, the ſun 
is riſing at Florida in America. 


PROBLEM XX. 
Winter- ſolſtice. 


250. Rectify the globe to the extremity 
of the diviſions for the month of December, 
or to 234 degrees ſouth declination. _ 

251. At this ſeaſon it will be apparent, 
that the whole ſpace within the ſouthern 
polar-circle is in the ſun's light, and enjoys 
continual day, whilſt that of the northern 
polar-circle. is in the ſhade, and has con- 
tinual night. 

Then if the globe be turned as before, 
the horary index will ſhew, that at the 
ſeveral places before mentioned, their days 
will be reſpectively equal to what their 
nights were at the time of the ſummer- 
folſtice. | 

It will appear to be ſun ſetting at the 
time it was then ſun riſing ; and on the con- 
trary ſun riſing at the time it then appeared 
to ſet. —_ 

* G 3 The 
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The terreſtrial horizon, 


252, As has been deſcribed art. 40. 1s 
a ſmall braſs circle with one diameter that 
paiſes through its center; its circumference 
is divided into eight parts, which are marked 
with the initial letters of the mariners com- 
paſs, the four cardinal points of the horizon 
being diſtinguiſhed from the reſt ; this may 
be ſlipped from pole to pole on the move- 
able meridian, and by this means be ſet to 
any place upon the globe. | 

253. When the center of it is ſet to any 
particular place, the fituation of any other 
places are ſeen with reſpect to that place; 
that is, whether they be eaſt, weſt, north, 
or ſouth; thus it repreſents the ſenfible 
horizon. 

254. Its uſe will ſhew why the ſun ap- 
pears at different altitudes and azimuths, 


although he is ſuppoſed to be always in the 
lame place. 
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PROBLEM XXI. 


The ſun's altitude as obſerved with 
a terreſtrial or viſible horizon. 


255. The altitude of the ſun is greater 
or leſs, according as one of the parallel right 
lines or rays, coming from the ſun to us, is 
farther from or nearer to our horizon. 

Apply the terreſtrial horizon to London, 
the ſun being ſuppoſed in the zenith, or on 
the ceiling directly over the globe. 

256. If then from London a line paſs 
vertically upwards, the ſun will be ſeen from 
London in that line. 

257. At ſun riſing, when London is 
brought to the weſt edge of the broad 
paper circle, the ſuppoſed line will be pa- 
rallel to the terreſtrial horizon, and from 
London will be then ſeen in the horizon. 

258. As the globe is gradually turned 
from weſt towards the eaſt, the horizon 
will recede from the line which paſſes per- 
pendicularly upwards; for the line in which 
the ſun was then ſeen, ſeems to glide far- 

ther and farther from the terreſtrial horizon; 
that is, the ſun's altitude increaſes as gra- 
G 4 dually 
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dually as that line declines from the/ ter- 
reſtrial horizon. 
259. When the horizon, and the line 
which goes from London vertically up- 
wards, are arrived at the ſtrong braſs meri- 
dian, the ſun is then at his greateſt or 
meridian altitude for that day: then the 
line and horizon are at the largeſt angle 
they can make that day with each other. 
260. After which, the motion of the 
globe being continued, this angle between 
the terreſtrial horizon and the line, which 
goes from London vertically upwards, con- 
tinually decreaſes, until London arrives at 
the caſtern edge of the broad paper circle, 
its horizon then becomes vertical again, 
and parallel to the line which goes vertically 
upwards, and will then appear in the hori- 
zon, and be ſeen to ſet. 


PROBLEM XXII. 


The ſun's meridian- altitude at three 
diHerent ſeaſons. 


261, Rectify the globe to the time of 
winter-ſolſtice, art. 2 50. and place the center 


of the viſible horizon on London. 
When 
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When London is at the graduated edge 
of the ſtrong braſs meridian, the line which 
goes vertically upwards, makes an angle 
of about 15 degrees; this is the ſun's meri- 
dian-altitude at that ſeaſon to the inhabi- 
tants of London. | | 

22062. If the globe be rectified to the time 
of equinox, art. 233. the horizon will be 
farther ſeparated from the line which goes 
vertically upwards, and makes a greater angle 
therewith, which will be about 333 de- 
grees ; this is the ſun's meridian-altitude at 
the time of equinox at London. 

263. Again rectify the globe to the ſum- 
mer-ſolſtice, art. 240. and you will find the 
viſible horizon recede farther from the line 
which goes from London vertically upwards; 
and the angle it then makes with the hori- 
Zon, is about 62 degrees, which ſhews the 
ſun's meridian-altitude at the time of the 
{ummer-lolſtice. 


From hence flows the following arith- 
metical 
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PROBLEM XXIII. 


To find the ſun's ie alti- 
tude univerſally. 


264. Add the ſun's declination to the 
elevation of the equator, if the latitude and 
declination are both on the ſame ſide. 


If on contrary ſides, ſubſtract the decli- 
nation from the elevation of the equator, and 
you obtain the ſun's meridian- altitude. 


London 


: | O / 
Thus, the elevation of the equator at 138 28 
Sun's declination May 2oth $0 - £ 


Their ſum is the ſun's meridian-alti- 5 
tude for that day at London 55 & 


Again, to the elevation of the equator o 2 
at London | * 

Add the ſun's greateſt declination at 
the time of the ſummer-:ſolſtice c 


29 


Their ſum is the ſun's greateſt "I 57 


dian- altitude at London, 


Whence alſo flows another method, 


To 
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To find the ſun's greateſt and leaſt 


altitude univerſally. 


265. Add the ſun's declination to and 
ſubſtract it from the elevation of the equa- 
tor, their ſum and difference will be the 
ſun's meridional altitudes, when he hath the 
ſame declination either north or ſouth. 


Thus, to and from the elevation of - F 
the equator * :Y 


Add and ſubſtract the ſun's decli- 32 48 


nation. : 


Their ſum is the ſun's meridian-alti- ; 8 26 
tude in ſummer (5 3 


Their difference his meridian-altitude 


5 18 20 
in winter 


having the ſame declination | one north, 
the other ſouth. 


PROBLEM XXIV. 


The ſun's azimuth compared with 
the viſible horizon. 
266. Imagine the ſun, as we have done 


before, to be painted on the ceiling directly 
over 
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over the globe, art. 218. and a line going 
vertically upwards towards the ſun from any 
place on the ſurface of the globe. 
If to that place you apply the viſible hori- 
zon, that point of it which a vertical line is 
neareſt to at any time, ſhews the ſun's azi- 
muth at that time: and we muſt alſo ob- 
ſerve, that that point of the terreſtrial or 
viſible horizon, to which a vertical line is 
zeareſt, is always the moſt clevated point. 

267. Rectify the globe to the poſition of 
a right ſphere, art. 233. and apply the viſi- 
ble horizon to London. When London is 
at the weſtern edge of the broad paper cir- 
cle, which ſituation repreſents the time 
when the ſun appears to rife, the eaſtern 
point of the viſible horizon being then moſt 
elevated, ſhews that the ſun at his riſing is 
due eaſt. | 

Turn the globe till London comes to the 
eaſtern ſide of the paper circle, then the 
weſtern point of the viſible horizon will be 
molt elevated, and ſhew that the ſun ſets 
due weſt. | end 

268. If the globe be rectified into the 
poſition of an oblique ſphere, and London 


be brought to the eaſtern or weſtern fide of 
the 
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the broad paper circle, the vertical line will 
depart more or leſs from the eaſt and weft 
points: in which caſes the ſun is faid to 
have more or leſs amplitude either north 
or ſouth, as this departure tends to either of 
thoſe two cardinal points. 

As the globe is turned to any particular 
time. of the day, we ſhall have the ſun's 
azimuth upon that point of the viſible hori- 
zon which is moſt elevated, and this will 
be the point where a line going towards the 
ſun is neareſt to a vertical line ; thus if a 
line going towards the ſun be neareſt the 
ſouth-eaſt point, the ſun is then ſaid to have 
4.5 degrees azimuth eaſtward, that point 
being 45 degrees from the meridian. 

269. In all poſitions of the globe in north 
latitudes, when London is brought to the 
graduated edge of the ſtrong braſs meridian, 
the moſt elevated point of the viſible hori- 
zon will always be the ſouth point of it, 
which ſhews, that the ſun, at all ſeaſons of 
the year, will appear to the ſouth of the ter- 
reſtrial horizon in all places included in the 
northern temperate zone ; but to the north 
of it at thoſe places within the ſouthern 
temperate zone. 


270. The 
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270. The ancient diſtinction of the 
_ different places on the earth, ac- 

cording to the diverſity of cheir 

noon- ſhado ws. i 


© /'þ 
a OE 


PROBLEM XXV. 


The aſcii, or thoſe who project no 
ſhade at noon 


2971. Rectify the globe by problem xix. 
art. 240. to the time of the ſummer-ſol- 
ſtice, and apply the terreſtrial horizon to 
any place ſituated on the tropic of cancer, 
as Kanton in China, and obſerve the ſun's 
meridian- altitude with it, by bringing its 
center under the graduated edge of the 
ſtrong braſs meridian, art. 255. it will then 
appear, that a line going vertically upwards, 
will be perpendicular to it, conſequently 
the ſun will be at that time directly over 
the heads of the inhabitants of Kanton, and 
project no ſhadow; therefore they are 
aſcũ, their noon-ſhadow being directly under 
them, 


272, At 
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272. At all other times of the day their 
ſhadow is projected, in the morning directly 
weſt, and in the evening directly eaſt. 

273. The ſame thing will happen to all 
the inhabitants, who live between the tropic 
of cancer and that of capricorn, if the ter- 
reſtrial horizon be gradually removed from 
parallel to parallel within theſe limits, and 
the globe rectified according to the day of 
the month as before directed; by bringing 
the ſenſible horizon to the graduated ſide 
of the ſtrong braſs meridian, to obſerve the 
ſun's meridian- altitude, we ſhall find him 
appear to be go degrees high or vertical at 
noon to every place between the tropics ; 


all the inhabitants being aſcu twice a year, 


except thoſe on the tropics themſelves, who 
are aſcii only once a year. 
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PROBLEM XXVI. 
The inhabitants of alt places Fro 


tween the tropics of cancer and 
capricorn, are not only aſcii, but 
amphiſcii, whoſe noon-ſhadows 
are projected ſometimes towards 
the north, at other times towards 


the ſouth. 


274. Place the ſenſible horizon on the 
equator, and rectify the globe to the time 
of the equinox, art. 223. at which time the 
equatorial inhabitants are aſcii at noon, 
having the ſun full eaſt of them all the 
morning, and full weſt all the afternoon. 

275. The eaſtern point of the viſible 
horizon will be always uppermoſt, or moſt 
elevated, as the globe is moved from welt 
to eaſt, till it comes to the ſtrong braſs 
meridian ; and after it has paſſed this, the 
weſtern point will be moſt elevated. 

276. The ſenfible horizon remaining on 
the equator, rectify the globe to the time 


of the ſummer-ſolſtice, art. 240. and you 
will 
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will find the north point at noon will be 
moſt elevated ; which plainly ſhews, that 
the inhabitants of the equator will ſee the 
{un full north at that ſeaſon, and that their 


hade will be projected ſouthwards. 


278. It the globe be rectified to the 
winter- ſolſtice, the ſouth point will be moſt 
elevated, and the inhabitants will ſee the 
{un on their ſouth fide, which will project 
their ſhadows northwards. 


279. Heteroſcii, are thoſe who live be- 
tween the tropics and polar-circles, whole 
ncon thadows are projected one way only. 

Thoſe in north latitude have their noon 
ſhadows projected northwards ; the ſun at 
that time being always in the ſouth. 


And thoſe in fouth latitude have their 


noon-tide ſhadows projected ſouthwards 
the meridian ſun always appearing to them 

in the north. | 
280, Periſcii are thoſe who live within 
the polar-circles, the ſun going continually 
round them, their ſhadow mult neceſſarily 
go round them alſo. | 
If the ſenſible or terreſtrial horizon be 
applied to any of theſe places, and the globe 
rectified according to the preceding direc- 
H tions, 
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tions, it will ſhew, that the ſun appears to 
be more elevated at one time of the day 
than at another; and alſo, which way at 
all times the noon and other ſhadows are 
Caſt. 17 
281. Antæci are two oppoſite nations 
lying in or near the ſame meridian, one of 
them in north, the other in ſouth latitude; 
they have both the ſame longitude, and 
equal latitudes, but on oppoſite ſides of the 
equator. 

282. Periæci are two nations ſituated on 
oppolite ſides of the globe, in the ſame pa- 
rallel of latitude. 

Therefore their 8 a differ 
180 degrees. | 

283. Antipodes are two nations diame- 

trically oppolite. 


284. A ſtrait line paſſing from one to 
the other muſt conſequently paſs through 
the center, and therefore become a diameter 
of the globe. 


Their longitudes and latitudes are both 

. oppolite, 

2285. Theſe are exemplified by codtfying 

the globe into the poſition of a right ſphere, 

art. 233. and bringing the nations under 
| conſideration 


wy Wy UW WA 
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conſideration to the edge of the — 
circle, Thus, 

The inhabitants of the em parts of 
Chili are Antæci to thoſe of New England; 
whoſe Perizci live in the northern parts of 
China, who are alſo Antipodes to the inha- 
bitants of Chili. 

We ſhall now proceed to many the 


former precepts in a few particular po» 


blems, 


PROBLEM XXVII. 


To find all thoſe places on the gehe, 
over whoſe zenith the ſun will 


paſs on any given day. 


286. Recify the terreſtrial globe, art. 
224. by bringing the given day of the 
month, on the backfide of the ftrong braſs 


meridian, to coincide with the plane of the 


broad-paper circle, and obſerve the eleva- 
tion of the pole on the other fide, and that 
degree counted from the equator on the 
ſtrong braſs meridian, towards the elevated 
pole, is the point over which the ſun' is 
vertical. Now turning the globe, all thoſe 
rey H 2 places 
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places which paſs under this point, have the 
ſun directly over their heads on the given 
day. 
Thus bring the 11th day of May, into the 
plane of the broad- paper circle, and the ſaid 
plane will cut 18 degrees for the elevation of 
the pole, which is equal to the ſun's decli- 
nation for that day; which counted on the 
ſtrong braſs meridian towards the elevated 
pole, 1s the point over which the ſun will be 
vertical, Now turning the globe round, we 
ſhall find that Amalagan, one of the Ladrone 
iflands, the northern part of Manilla, the 
middle of Siam, a great part of Africa, and 
St. Anthony, one of the Cape Verd Ifles, the 
ſouthern fide of the iſlands Porto-rico and 
Domingo, and the northern part of the 
iſland of Jamaica, &c. have all of them the 
ſun in their zenith on the 11th of May. 

Hence when the ſun's declination is 
equal to the latitude of any place in the 
torrid zone, the ſun will be vertical to thoſe 
inhabitants that day. 

Hence alſo we derive the following 


PROBLEM 
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PROBLEM XXVIII. 


To find the ſun's declination, and 
thence the parallel of latitude cor- 


reſponding therewith, upon the 


terreſtrial globe. 


287. Find the ſun's place upon the broad- 


paper circle for any given day, art. 18. and 


ſeek that place in the ecliptic line upon the 
globe; this will ſhew the parallel of the 
ſun's declination among the dotted lines, 
which is alſo the correſponding parallel of 
latitude; therefore all thoſe places through 
which this parallel paſſes, have the ſun in 
their zenith at noon on the given day. 


PROBLEM XXIX. 
To find thoſe two days on which 


the ſun will be vertical to any 
place between the tropics. 


288. That parallel of declination which 
pailes through the given place, will cut the 
ecliptic line upon the globe in two points, 
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which denote the ſun's place, againſt which, 
on the broad-paper circle, are the days and 
months required. 


PROBLEM XXX. 


The day and hour at any place 
being given, to find where the 
ſun is vertical at that tine. 


289. Let the given place be London, and 
time the 11th day of May at 4 minutes 
paſt V in the afternoon, | 

Rectify the globe to the day of the 
month, art. 224. and you have the ſun's 
declination 18 degrees north ; bring London 
to the meridian, and ſet the horary index to 
XII, turn the globe till the index points to 
the given hour on the equator, 4 minutes 
paſt V, then Port-Royal in Jamaica will be 
under the 18th degree of the graduated fide 
of the ſtrong braſs meridian, which is the 
place where the ſun is vertical at that 
inſtant, ates 


PROBL TM 
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The time of the day at any one 
place being given, to find all 
thoſe places in which the ſun 

is then riſing, ſetting, on the 
meridian, and where he is verti- 
cal; likewiſe thoſe places where 
it is midnight, twilight, and dark- 
night, at the ſame inſtant; 
well as thoſe places in which the 
twilight is beginning and ending; 
and alſo to find the ſun's altitude 
at any hour in the illuminated, 
and his depreſſion in the obſcure 
hemiſphere. 


290. Rectify the globe to the day of the 
month, art. 224. on the backſide of the 
ſtrong braſs meridian, and the ſun's decli- 
nation for that day, which 1s equal to the 
_ elevation of the pole, is given upon the gra- 
duated fide of the braſs meridian, by its 
H 4 coinci- 
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coincidence with the plane of the broad- 
paper circle; bring the given place to the 
graduated fide of the ſtrong braſs meridian, 
and ſet the horary index to XII, upon the 
equator, turn the globe from weſt to eaſt 
until the horary index points to the given 
ame. - Then, |. | 

All thoſe places which lie in the plane of 
the weſtern ſide of the broad-paper circle 
ſee the ſun riſing, and at the ſame time 
thoſe on the eaſtern ſide of it ſee him 
ſetting. 

It is then noon to all the inhabitants of 
thoſe places under the upper half of the 
graduated fide of the ſtrong braſs meridian, 
whilſt at the ſame time thoſe under the 
lower half have mid-night. 

All thoſe places which are then between 
the upper ſurface of the broad-paper circle, 
and the wire-circle under it, are in the 
twilight, which begins to all thoſe places 
on the weltern ſide that are immediately 
under the wire-circle; to them it is the 
dawning of the day; its end is at all thoſe 
places in the plane of the paper-circle on 
which the ſun has juſt begun to riſe, 


The 
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The contrary happens on the eaſtern 
fide ; the twilight is juſt beginning to thoſe 


places in which the ſun is ſetting, and its end 
is at the place juſt under the wire-circle. 


And all thoſe places which are under the 
twilight wire-circle have dark night, unleſs 
the moon is favourable to them. 


All places in the illuminated hemiſphere 
have the ſun's altitude equal to their diſtance 


from the edge of the enlightened diſk, 


which is known by fixing the quadrant of 
altitude to the zenith, and laying its gra- 
duated edge over any particular place, 


The ſun's depreſſion is obtained in the 
ſame manner by fixing the center of the 
quadrant at the nadir. 


PROBLEM XXXII. 


To find the time of the ſun's riſing 
and ſetting, the length of day and 
night on any day in the year in 
any place, whoſe latitude lies be- 
tween the polar- circles, and alſo 


the length of the ſhorteſt day and 
niglit 
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night in any of thoſe latitudes, 
and the climate they are in. 


291. Rectify the celeſtial globe to the 
latitude of the given place, art. 166. bring 
the artificial ſun to his place in the ecliptic 
for the given day of the month; and then 
bring its center under the graduated ſide 
of the ſtrong braſs meridian, and ſet the 
horary index to that XII Which is _ 
elevated. 


Then bring the center of the a tei 
ſun to the eaſtern part of the broad- paper 
circle, which in this caſe repreſents the hori- 
Zon, and the horary index ſhews the time 
of the ſun- riſing; turn the artificial ſun to 
the weſtern ſide, and the horary index will 
ſhew the time of the ſun- ſetting. 


Double the time of ſun-rifing is the length 
of the night, and the double of that of ſun- 


ſetting is the length of the day. 


Thus on the «th day of June, the ſun 
riſes at 3 h. 40 min. and ſets at 8 h. 20 m. 
by doubling each number it will appear, 
that the length of this day is 16 h. 40 m. 
and that of the night 7 h. 20 m. 
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The longeſt day at all places in north 
latitude, is when the ſun is in the firſt point 


of cancer. And, 


The longeſt day to thoſe in ſouth lati- 
tude, is when the ſun is in the firſt point of 
capricorn. 

Wherefore the globe being rectified as 
above, and the artificial ſun placed to the 
firſt point of cancer, and brought to the 
eaſtern edge of the broad-paper circle, and 
the horary index being ſet to that XII which 
is molt elevated, on turning the globe from 
eaſt to weſt, until the artificial ſun coincides 
with the weſtern edge, the number of hours 
counted, which are paſſed over by the horary 
index, is the length of the longeſt day; 
their complement to twenty-four hours gives 


the length of the ſhorteſt night. 5 

292. If twelve hours be ſubſtracted from 
the length of the longeſt day, and the re- 
maining hours doubled, you obtain the cli- 
mate mentioned by ancient hiſtorians. 


PROBLEM 


— — r 7" —— K — — — — = — 
——— — — OX: — 2 4£5--4 x54. S= — = Iz: = FIST — — * — — — — — . * — — — — = G 
Dm Ur IS 7, 2 2 by © >. — E - 4 : — — — — — > > 
— _ ry — —— - - — - = h 4 — — * p _— 3 x ——_— 
E — 2 — — — — — - — A L 

22 n 8 « 

= * * 3 1 (EV. e 2 — . = — 2 * — 1 - APE 1 1 
—— — - ” — * — - — — —— — — — — — — — —— ——— — = _ — - 6 4 
— 7 k - — IE _— - — — — == ® A — — = * 5 * — 2 . = <S- - - 3 4 — 3 1.4% 2 J 7 "Rx RES : £ 
* BC — 7 VS — I —v— — — — 3 — — — — — — £ S — — 7 — — — — — 


— 


— » — 1— 
* —— 
— 
XS — 


108 Drschirriox and UsE 64 


PROBLEM XXXIIL. 
To find all thoſe places within thi 


polar-circles, on which the ſun 
begins to ſhine, the time he ſhines 
conſtantly, when he begins to 
diſappear, the length of his ab- 
| ſence, as well as the firſt and laſt 
day of his appearance to thoſe 
inhabitants. The day of the 
month, or latitude of the parry 


being given. 


293. Bring the given day of the month 
on the backſide of the ſtrong braſs meridian, 
to the plane of the broad-paper circle, the 
ſun is juſt then beginning to ſhine on all 
thoſe places which are in that parallel, juſt 
touched by the edge of the broad- paper 
circle; and will for ſeveral days ſeem to 
ſkim all around, and but a little above the 
horizon, juſt as it appears to us at its ſetting ; 
but with this obſervable difference, that 


whereas our ſetting ſun appears in one part 
of 
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of the horizon only, by them it is ſeen in 


every part thereof; from welt to ſouth, 
thence eaſt to north, and fo to the welt 
again, | 
294. Or if the Jatitude was given, elevate 
the globe to that latitude, and on the back- 
{ide of the ſtrong braſs meridian you obtain 
the day of the month, then all the other re- 
quiſites are anſwered as above, 

295. As the two concentric ſpaces which 
contain the days of the month on the back- 
ſide of the ſtrong braſs meridian, are gra- 
duated to ſhew the oppoſite” days of the 
year, at 180 degrees diſtance, when the 
given day is brought to coincide with the 
broad-paper circle, it ſhews when the ſun 
begins to ſhine on that parallel, and the 
plane of the ſaid broad-paper circle cuts the 
day of the month on the oppoſite concentric 
ſpace, when the ſun begins to diſappear to 
thoſe inhabitants; thus the length of the 
longeſt day is obtained, by reckoning the 
number of days between the two oppoſite 


days found as above; and their difference 


from 365 days gives the length of their 
longeſt night. 


* 


The 


== — 
> — — 
Ro 
our” L — 
2 
— 


1 1 , 

N „ 
18 
Ci . 
1 


{ 
[i 
1 
| 
] 
* 
| 


1 
[ | 
þ 

1 


. 


FF 
- _ — — — — 


110 Drsckir rio and UsE 'of the 


The firſt and laſt day of his appearance 
on that cireum- polar parallel, are thoſe ex- 
preſſed by the oppoſite days; his continuance 
to ſhine on thoſe places is the length of 
their longeſt day, and his abſence from them 
is the length of their ſhorteſt night. 


PronLEM XXXIV. 
To find the length * any day in the 


year, in any latitude. 


296. Elevate the celeſtial globe to the 
latitude, and ſet the center of the artificial 
ſun to his place upon the ecliptic line on 
the globe for the given day, and bring its 
center to the graduated fide of the ſtrong 
braſs meridian, placing the horary index to 
that XII which is moſt eleyated ; then turn 
the globe till the artificial ſun cuts the 
eaſtern edge of the broad-paper circle, and 
the horary index will ſnew the time of ſun- 
riſing; turn it to the weſtern ſide and you 
obtain the hour of ſun- ſetting. 

The length of the day and night will be 
obtained, by doubling the time of ſun-xiſing 
and ſetting, as before. 


PROBLEM 


1 
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PgOBLEM XXXV. 


To find the length of the longeſt 
and ſhorteſt days in any latitude.” 


297. Elevate the globe according to the 
latitude, art. 166. and place the center of 
the artificial ſun for the longeſt day upon 
the firſt point of cancer, but for the ſhorteſt 
day on the firſt point of capricorn, then 
proceed as in the laſt problem. 

298. But if the place hath fouth latitude, 
the ſun is in the firſt point of capricorn on 
their longeſt day, and in the firſt point of 
cancer on their ſhorteſt day. 5 

Note, This problem is only to be uſed 
in ſuch latitudes as lie between the northern 
and ſouthern polar-circles. 


PROBLEM 
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PROBLEM XXXVI. 


To find the latitude of a place, in 
which its longeſt day may be of 
any given length between twelve 
and twenty-four hours. 


299. Set the artificial ſun to the firſt 
point of cancer ; bring its center to the gra- 
duated fide of the ſtrong braſs meridian, 
and put the horary index to XII; turn the 
globe till it points to half the number of 
given hours and minutes; then elevate or 
depreſs the poles, till the artificial ſun coin- 
cides with the broad-paper circle, and that 
elevation of the pole is the latitude required. 


PROBLEM XXAVII. 


To find the diſtance between any 
two places. 


300. Lay the graduated edge of the qua- 
drant of altitude over both places, and the 
number of degrees between them is their 


ner: which is reduced to geographical 
mules, 
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miles, by reckoning 60 to a degree, or 


to Engliſh miles reckoning 69% to one 
degree. 


PROBLEM XX XVIII. 


To find all thoſe places which are at 
the ſame diſtance from a. given 
place. 


301. Rectify the globe by problem XII, 
art. 166, and bring the given place to the 
ſtrong braſs meridian, over which ſcrew 
the center upon which the quadrant of 
altitude turns; now move the quadrant 
round, and all thoſe places, that are cut by 
any one point on the quadrant, are equally 
diſtant from the given place. 


PrRoBLEM XXXIX. 


To ſhew at one view upon the ter- 
reſtrial globe for any given place, 
the ſun's meridian altitude, his 
amplitude or point of the com- 

1 paſs, 
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paſs, on which he riſes and ſets” 
every day in the year. 


302. ReQfy the globe to the latitude, art. 

I 66. of the given place; bring that place to. 
the ſtrong braſs meridian, and ſet the ord 
index to XII, ſcrew the quadrant of altitude 
to the zenith of the broad paper circle, you 
will at one view ſee the ſun's meridian 
altitude on every degree of the ſun's decli- 
nation for the whole year, cut by the dotted 
parallels on the graduated edge of the qua- 
drant of altitude ; alſo theſe dotted parallels, 
at the ſame inſtant cut the edge of the broad 
paper circle now repreſenting the horizon, 
in the point of the compaſs or amplitude, 
on which the ſun 1s ſeen to riſe on the eaſt 
or to ſet on the welt {ide of the horizon, for 
every 8 of declination throughout the 
year, | 
303, If you trace any of thoſe parallels 
to the ecliptic line, you have the ſun's place 
when he is upon that declination, and thence 
the day and month upon the broad Paper 
circle, | 
304. Alſo, knowing the ſun's place in 
the ecliptic line, that news the fuh's decll- 
nation 
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nation for that time amongſt the _ 
parallels, 


PROBLEM XL. 


To ſhew at one view upon the 


terreſtrial globe the length of 
the days and nights at any par- 
ticular place, for all times of the 
year. 


305. Rectify the globe to the latitude of 
the place, art. 166. and the broad paper 
circle will repreſent the horizon, and the 
upper parts of the dotted parallels of decli- 
nation, which are here alſo parallels of lati- 
tude, will repreſent the diurnal arches. 


Whence we may obtain the number of 
hours each of them contain. which is the 


ſolution of the problem. To illuſtrate which, | 


306. Elevate the globe to the poſition of 
a right ſphere, art. 233. and you will with 
one glance of the eye, ſee that all the dotted 
parallels of declination, as well as the equa- 


tor itſelf, are cut by the broad paper circle 


into two equal parts. 


12 307. There- 
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507. Therefore the inhabitants on the 


equinoctial line have their days and nights 


twelve hours long; that is, the ſun is never 


more nor never leſs than twelve hours above 
their horizon, during his apparent paſſage, 


from the tropic of cancer to the tropic of 


capricorn, and thence to cancer again. 


308. All the fixed ſtars have the ſame 
apparent motion to the equatorial inha- 
bitants; that is, they riſe and ſet, continue 
above and are depreſſed below the horizon 


of any place upon the equator, exactly 


twelve hours. 


309. Raiſe the north pole of the globe a 
few degrees of latitude at a time, and you 
will fee the diurnal arches will increaſe in 
length, until the pole is elevated to 664 de- 
grees above the horizon : then the parallel 
of the ſun's greateſt declination will be as 
far from the equator as the place itſelf is 
from the pole; and this parallel is the tropic 


of cancer, which will juſt touch the horizon 
in the norch point. 


310. And on the contrary, we may ob- 
ſerve, that the ſouthern parallels of decli- 


nation continually ſhorten, as the northern 
ones 


— = BI 
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ones lengthen, until they come to the 
of capricorn. 

311. Rectify the globe to the jaticudeof 
London 514 degrees north: when the fun 
is in the tropic of cancer, the day is about 
10 hours, as he recedes from thence, the 
days ſhorten, as the lengths of the diurnal 
arches of the parallels ſhorten ; until the 


| Jun comes to capricorn, 75 then the days 


are at the ſhorteſt, being of the ſame length 
with the nights, when the ſun was in cancer, 
viz. about 74 hours. 


312. Rectify the globe to the latitude of 
the northern polar circles, and you will find, 
when the ſun is in cancer, he touches the 
horizon on that day without ſetting, being 
completely twenty-four hours above the 
horizon: and when he is in capricorn, he 
once appears in the horizon, but does not 
riſe for the ſpace of twenty-four, hours; 
when he is upon any other parallel of decli- 
nation, the days are longer or, ſhorter, as 
that parallel is nearer to or farther from the 
equator. 

313. Elevate the globe to the latitude of 
80 degrees north, at which time let the 
{un's declination be 10 degrees north, he 
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then apparently ſeems to turn round above 
the horizon without ſetting, and never ſets 
from this point to cancer, until in his return, 
after he has again paſſed this r of 
declination. 

314. In the ſame manner when his decli- 
nation is 10 degrees ſouth, he is juſt ſeen at 
noon in the horizon, and diſappears from 
that time in his ſoutherly motion, till his 
return to the ſame point. 

315. Elevate the north pole to go degrees 
or in the zenith, then the globe will be in 


the poſition of a parallel ſphere, and the 


equinoctial line will coincide with the plane 
of the horizon, conſequently all the northern 
parallels are above, and all the ſouthern 
parallels below the horizon; therefore the 
polar inhabitants, if any there be, have but 
one day and one night throughout the year; 


their day when the ſun is in his northern, 


and their night when he is in his ſouthern 
declination. 

This method of reifying the globe for 
north latitude holds good in ſouth latitude 
lſo, by elevating the ſouth pole. Yoſt! 


PROBLEM 
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 Pronrem XL © 


To find what conſtellation any re- 
markable ſtar, ſeen in the firma- 
ment, belongs to. 

316. Bring the ſun's place in the ecliptic 


for that day to the ſtrong braſs meridian, 
and ſet the horary index to that XII which 


is moſt elevated, the celeſtial globe being 


rectified to the latitude, turn the globe till 
it points to the preſent hour; and by the 
help of the mariners compaſs and attending 
to the variation, ſet the north pole of 
the globe towards the north pole of the 
heavens. 

The ſtar upon the globe (if you conceive 
yourſelf in the center) which directs towards 
that point in the heavens, in which the 
ſtar you want to know is ſeen, is the ſtar 
required. 

At the ſamie time, by comparing the ſtars 
in the heavens with thoſe upon the globe, 
the other ſtars and their conſtellations may 
be eaſily known; whereby you will be 
enabled any ſtar-light night, to point out 
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many of thoſe ſtars called correſpondents to 


various places on the earth. 


PROBLEM XLII. 


To find at what hour any known 
ſtar paſſes the meridian on any 


day in the year. 


317. Rectify the globe to the latitude, 
art. 166. and ſet the artificial ſun to his 
place in the ecliptic, bring its center under 
the graduated ſide of the ſtrong braſs meri- 
dian, and ſet the horary index to XII, then 
turn the globe till the ſtar comes to the 
meridian, and the horary index will point 
upon the equator the hour on which that 
ſtar will be E the ſouth part of the 
meridian. 

If you turn the globe on till the center of 
the artificial ſun is under that graduated 
ſide of the braſs meridian, which is below 
the elevated pole, all thoſe ſtars, which are 
then cut by that ſide of the meridian above 
the ſaid pole, will tranſit the meridian at 


midnight. 


PROBLEM 
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PROBLEM XLIII. 


To find on what day of the year 
any ſtar paſſes the meridian at any 
propoſed hour of the night. 


318. Bring the ſtar to the graduated ſide 
of the ſtrong braſs meridian, and ſet the 
horary index to the propoſed hour, then 
turn the globe till the index points to 


XII, and that degree on the ecliptic, 


which is cut by the meridian, is the ſun's 
place, againſt which, in the kalendar upon 
the broad- paper circle, is the day of th 
month. 


PROBLEM XLIV. 


To trace the circles of the ſphere in 
the ſtarry firmament. 


319. We ſhall ſolve this problem for the 
time of the autumnal equinox, becauſe that 
interſection of the equator and ecliptic will 
be directly under the depreſſed part of the 
meridian about midnight, and then the 

oppoſite 
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oppoſite interſection will be elevated above 
the horizon; and alſo becauſe our firſt 
meridian upon the terreſtrial globe paſſing 
through London, and the firſt point of aries. 
When both globes are rectified to the lati- 
tude of London, and to the ſun's place by 
problem XII, art. 166. 167, and the firſt 
point of aries brought under the graduated 
fide of each of their meridians, we ſhall have 
the correſponding face of the heavens and 
the earth repreſented, as they are with re- 
ſpect to each other at that time, and the 
principal circles of each ſphere will cor- 
reſpond with each other. 

320. The horizon is then diſtinguiſhed, 
if we begin from the north and count weſt- 
ward, by the following conſtellations ; the 
hounds and waiſt of Bootes, the northern 
crown, the head of Hercules, and ſhoulders 
of Serpentarius, Sobieſki's ſhield, it paſſes a 
little below the feet of Antinous, and 
through thoſe of capricorn, through the 
Sculptore's frame, Eridanus, the ſtar Rigell 
in Orion's foot, the head of Monoceros, the 
crab, the head of the little lion, and lower 
part of the great bear, 
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321. The meridian is then repreſented by 
the equinoctial colure, which paſſes through 


the ſtar marked 4 in the tail of the little 
bear, under the north pole, the pole ſtar; 


one of the ſtars in the back of Caſſiopea's 
chair marked g, the head of Andromeda, 
the bright ftar in the wing of Pegaſus 
marked , and the extremity of the tail = 
the whale. 


322. The equator, that part of it which is 
then above the horizon, is repreſented on 
the weſtern fide by the northern part of 
Sobieſki's ſhield, the ſhoulder of Antinous, 
the head and veſſel of Aquarius, the belly 
of the weſtern fiſh in piſces; it paſſes 
through the head of the whale and bright 
ſtar marked 4 in the corner of his mouth, 
and thence through the ſtar marked 4 in 
the belt of Orion, at that time near the 
eaſtern ſide of the horizon. 

323. The ecliptic, that half of it which is 
then above the horizon, if we begin from 
the weſtern ſide, preſents to our view ca- 
pricornus, aquarius, piſces, aries, taurus, 
gemini, and a part of the —— 
cancer. 


324. The 
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324. The ſo/it:9l colure, from the weſtern 
fide, paſſes through Cerberus and the hand 
of Hercules, thence by the weſtern ſide of 
the conſtellation Lyra, and through the 
dragon' s head and body, through the pole 
point under the polar ſtar, to the eaſt of 
Auriga, through the ſtar marked » in the 
foot of Caſtor, and through the hand and 
elbow of Orion. 

325. The northern polar circle, Go that 
part of the meridian under the elevated 
pole, advancing towards the welt, paſſes 
through the ſhoulder. of the great bear, 
thence a little to the north of the ſtar 
marked æ in the dragon's tail, the great 
knot of the dragon, the middle of the body 
of Cepheus, the northern part of Caſſiopea 
and baſe of her throne, through camelo- 
pardalus and the head of the great bear. 


326. The tropuc of cancer, from the weſtern 
edge of the horizon, paſſes under the arm 
of Hercules, under the Vulture, but through 
the gooſe and fox, which is under the beak 
and wing of the ſwan, under the ſtar called 
Sheat marked g in Pegaſus, under the head 
of Andromeda, and through the ſtar mark- 
ed © in the fiſh of the conſtellation piſces, 

above 
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above the bright ſtar in the head of the ram 


marked a, through the Pleiades, between 
the horns of the bull, and through a group 
of ſtars at the foot of Caſtor, thence above 
a ſtar marked 4 between Caſtor and Pollux, 
and fo through a part of the conſtellation 
cancer, where it diſappears by paſſing under 


the eaſtern part of the horizon. 


. The tropic of capricorn, Et the 
0 ſide of the horizon, paſſes through 
the belly and under the tail of capricorn, 
thence under Aquarius, through a ſtar in 
Eridanus marked c, thence under the belly 


of the whale, through the baſe of the 


chemical furnace, whence it goes under the 
hare at the feet of Orion, being there de- 
preſſed under the horizon. 


The ſouthern polar circle is inviſible to 
the inhabitants of London, by being under 
our horizon. 
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To find he time of = fun s entry” 
into the firſt point of libra or 
aries; and thence that point in 
the equator to which the ſun is 
vertical at either of thoſe times. 


331. This requires the knowledge of a 
meridian that ſhall paſs through that point 
in the equator, to which the ſun is vertical 
at the times of equinox; but as this point 
is variable, a fixed meridian muſt be firſt 


| obtained. 


332. In Anno Domini 1753, the late 
Rev. Dr. Bradley obſerved the ſun to enter 
libra September 22d. 10 h. 24 min. after- 
noon, new ſtile, at the Royal S of 
at Greenwich. 


333. As the earth's 1 motion is 
from weſt to eaſt, it cauſes all places to the 
eaſt of any other _ to paſs firſt under 
the ſun; therefore when the meridian of 
Greenwich paſſed under the ſun that day,” 
he was not then arrived at the interſecting 
point of the earth's equator and celeſtial 

| ecliptic 
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ecliptic, but wanted 10 h. 24 min. which 
is equal to 156 degrees. 


334. Whence the fixed or firſt . 
ſought is thus obtained, and les 19 h. 
24 min, in time, or 156 equatorial degrees 
weſt of the Royal hu at Green- 
wich. 

335. This meridian is marked by a dotted 
line on our new terreſtrial globe, it paſſes 
through the great Pacific Sea, and croſſes 


one of the Ifles of St. Bernard and the Ile | 


des Mouches. 


The next thing to be conſidered is the 


neareſt mean length of a tropical year, which 
is a determinate ſpace or interval of time 


between one equinox and another, be it 


either vernal or autumnal. 


336. We take for our radix the autum- 
nal equinox, anno 706 of the Julian period, 
which we call anno mundi o, and com- 
pute from Thurſday Oct. 25th, o h. o min. 
or noon, the ſun being then ſuppoſed to be 
in the firſt point of libra on the meridian 
before mentioned, and vertical to that point 
of the equator which lies 156 degrees weſt 
of Greenwich. 


And 
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And alſo in the meridian of Greenwich, 
Oct. 2 5th. 10 h. 24 m. upon the 298th 
day from the calends of January. 


337. The tropical year thus cle 
exceeds the Egyptian year 5 h. 49 min. 
and is but 11 minutes ſhort of the Julian 
year; ſo much being annually allowed for 
the retroceſſion of the equinox, conſequently 


the mean length of a 2 r year is 365 d. 


5 h. 49 min. 


338. We are induced to meaſure time by 
this quantity, becauſe aſtronomers unani- 
mouſly agree, that the earth paſſes through 
all the ſigns of the ecliptic, ſo as to complete 


the circle in 365 d. 5 h. 49 min. 


339. See the reſpective tables of Rudol- 
phus, Tycho Brahe, Caſſini, Sir Jonas More, 
Mr. Flamſted, Dr. Halley, Mr. Meyer, 
and Mr. Maſkelyne; whereby it will appear 
that, 


The 


5 
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0400 HE 
'The ſun's mean motion in 


205 days is 11 „ 
in 6 hours I4 47 
„ 27 


27 


the ſun's mean motion 


Subſtract, for can mots 
in 11 minutes of time 


The quantity of one Julian ; 6; 6 


year is J 
from which ſubſtract the * 
retroceſſion 


8 


Therefore the remainder 365 8 490 
completes the circle, and not one ſecond 


minute of time more or leſs can be produced 
from any tables extant. 


340. And the difference between calcu- 
lating downwards from the epoch A. J. P. 
706, and calculating backwards in the mo- 
dern practice from the various epochs in the 
moſt celebrated tables is, that in thoſe laſt 
epochs the 11 minutes of retroceſſion have 
not been conſidered. 


Kt 341. From 
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| d. h. min. 
341. From the vernal to the 
autumnal equinox 
From the autumnal to the 
| 1178 17 58 


vernal equinox 


F 86 11 51 


365 5 49 


342. The equinoxes regularly fall every 
year 5 h. 49 min. later in, the day, than 
in the preceding year, and at the end of 
every annual motion of the earth the equi- 
noctial interſection changes its meridian 
weſtward of that in which it fell the year 
before, juſt 87 deg. 15 min. 


Precepts for the uſe of the tables 
of retroceſſion and autumnal 
equinoxes. 


343. Firſt, Find the number of years 
from the radix, viz. If the given year is be- 
fore the Chriſtian Æra ſubſtract it from 
4008, the remainder is the year from the 
radix. 15 * 

344. Secondly, If any year ſince the 
Chriſtian Zra be given, add it to 4007, their 
ſum is the year from the radix. ; 

345. Thirdly, 


—— 
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345. Thirdly, Collect the days, hours, 


and minutes of retroceſſion, and autumnal 


equinoxes from the table, according to the 
number of years from the radix, in thou- 
ſands, hundreds, tens, and units; add theſe 
into two ſums, the firſt will be the retro- 
ceſſion, the ſecond the time of the equinox, 
in that meridian which lies 156 degrees 
welt of Greenwich Obſervatory ; to which 


add 10 h. 24 m. and you obtain the time at 


Greenwich, 

346. And for any other 5rd Sel alſo, if 
you add its difference in time from the fixed. 
meridian. 

347. Solar tropical years thus reckoned 
begin and end at the autumnal equinox, and 

Julian years begin and end at the 
kalends of January * 


348. In comparing ſolar tropical years 
with Julian years, by which we ſtill com- 
pute time, obſerve, that the laſt nine months 
of any ſolar tropical year, anſwer to the firſt 
nine months of that Julian year with which 
it is compared; and that the firſt three 

K 2 months 


* The kalends of January begin from the noon 
of the preceding day; that is, from the noon of the 
day before the fuſt day of January. 
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months of the next ſucceeding tropical year 
anſwer to the three laſt months of that ſame 
Julian year with which it is compared. 

349. The 298th day from the kalends 
of January, which was Thurſday in the 
706th year of the Julian period the ſun 
entered libra at noon; at which inſtant it 
was 10 h. 24 min. paſt noon at Greenwich. 


350. In all calculations of autumnal equi- 
noxes we take the ſame 298th day, or 
October 25th in the radical year o, for our 
epoch. 

351, And to gain the day of the month 
in which the equinox muſt happen fince the 
radix, 

Add the number of days, hours, and 
minutes in the retroceſſion, to the days, 
hours, and minutes of the equinox in the 
fixed meridian, and you obtain the Julian 
days and hours from the radix. 


352. Add the epoch 298 to the days of 
the tropical reduction, and from their ſum 
ſubſtract the intire days of the Julian re- 
duction, the remainder is the number of 
days from the kalends of January old ſtile ; 


add thereto eleven days, and you obtain the 
e of days from the ſaid kalends of 


January 


Celgſial aud Terreſtrial GLokEs. 133 


January new ſtile, from which if you deduct 
the neareſt leſs number in the table of 
months (which numbers expreſs the laſt — 
days of each month) the reſidue is the day 
of the ſucceeding month. | 

353. But when the ſum of the Julian 
reduction contains eighteen hours above 
entire days, it is a biſſextile year; then one 
day more muſt be added to the entire Julian 
days before the ſubſtraction is made. 

354. When there are no hours in the 
Julian reduction, that year is the firſt after 
a biſſextile; if ſix hours, the ſecond; if twelve 
hours, the third; and when eighteen hours 
above entire days, it is the biſſextile year. 

355. To gain the time of the equinox on 
any other meridian, add the difference of 
meridians to the time found in the firſt 
meridian. Thus for London or Greenwich 
we add 10 h. 24 min. for Paris 10 h. 33 
min. 20 ſec. for Alexandria in Egypt 12 h. 
25 min. &c. 


To gain the week-day. 
356. Divide the days of the tropical re- 


duct ion by 7; if o remains, it is Thurſday; 
K 3 if 
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if 1, Friday; 2, Saturday; and 3, Sunday; 
and ſo on to 6, which is Wedneſday, as in 
the table of week-days. 


To obtain the time of the vernal 
equinox. 


357. Firſt find the autumnal equinox for 
the ſame year in which the vernal equinox 
is required; and from it ſubſtract 186 d. 
11 h. 51 min. which is the diſtance in time 
from aries to libra; their difference will be 
the time of the vernal equinox required. 

358. The day of the month and week- 
day found as above, we obtain the literal 
character for that day as follows. 

In the table of months ſtand the literal 
characters, that are placed againſt the firſt 
day of each month in any common al- 
manack, + 

And whatever letter ſtands againſt the 
firſt day of any month, the 8th, 15th, 22d, 
and 29th days of that month are all cha- 
racteriſed with the ſame. 


359. A 
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359. A circle of the 7 litera] or week- 
day characters, | 


The day of the month and week-day 
given, to find its literal character 
and dominical letter for that year. 


360. A. D. 1772, the autumnal equinox 
will happen at Greenwich, September 22d, 
o h. 55 min. on a Tueſday. 

QuERE, The literal character for that day 
and dominical letters for that year, it being 
biſſextile ? 

The literal character for the 1ſt of Sep- 
tember is F, ſo alſo is the 22d, and Tueſday 
in the preſent queſtion. Look on the circle 
of week-day characters, call F Tueſday, 
G Wedneſday, A Thurſday, and ſo on to 
Sunday which falls upon D, the laſt of the 
two dominical letters for that year, and ſerves 


from the intercalary day to the year's end. 
K 4 The 
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The firſt dominical letter for leap- years is 
the next in the circle, and ſerves for January 
and February, which in this example is E. 

Therefore the two dominical letters for 
the biſſextile year 1772 are ED new ſtile. 

In any common year, the letter firſt found 
ſerves for the whole year. | 

361. The dominical letter being known, 
to find what day of the week any day in the 


year falls on, 


Qurere, What day of the week is the 
20th day of March A. D. 1772? 


The literal character for the 1ſt of March 


is D, ſo is the 1 5th, and the 2oth being 5 


days more, if we count from D, which 
happens to be the dominical letter, to E 
Monday the 16th, we ſhall find B is Friday 
the 2oth day of March, A. D. 1772 new 
ſtile. 5 | 

362. If the dominical letters were re- 
quired for old ſtile, in theſe examples the 
firſt would be the 11th of September 1772, 
whoſe literal character is thus found, F the 
1ſt day of September, and alſo the 8th, 
the gth, A the 1oth, and B the 11th, 


and by the following calculus. Tueſday, 


therefore A C are the dominical letters old 
ſtile, A. D. 1772. 
| 363. Re- 
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363. Required the autumnal equinox at 


Alexandria in Egypt, in the 146th year 
before the Chriſtian Ara, 


4008 
— 146 | 
AM. 3862 or years from the radix, Oct. 25, A. J. P. 706, 


Retroceſſion. Tropical reduction. 
ears à radix. d. h. min, days à radix. h. min. 


3000 22 22 0 1095727 2 o 
800 6 2 40 292193 21 20 
60 © 11 0 21914 13 o 
2...0 0 38 730 nu 38 


— 2. 2 


9116 701 Atos 23 38 


— — — 


weeks 201 5% | Saturday, 


d. h. min. 
Tropical days 565 tropical time 1410565 23 58 
epoch — 29% retroceſſion 4 +39 9 


— —_ 


863 Julian reduction 14105 EOS 


ulian days — 595 | the 3d year after 
ö — biſſextile. 
268 . — —ſ ' b. 
for Auguſt — 243 
2 Sept. 25 d. h. min. 


a kal. Jan. 268 23 58 fixed meridian, 
meridian diſk * 1 


the ſun —_— ol gr 1, 269 12 23 at Alexandria. 
On a Sunday, dominical letter B, in the 1 46th 


year before the Chriſtian Ara, 


364. To 
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364. To find the time of the vernal 
equinox in the {ame year, and at the ſame 
place. 


3 1 . ; d. h. min. 

rom the autumnal equinox, Sept. 26, a ' | 

kal. Jan, (296 

ſubſtract the diſtance in time between 
and 2 


W . ih 


188 11 68 


33 © 92 
for February 59 


þ 
i 
4 
| 
4 
4 
q 


— — | - N 
«3.5 — ? 
3 2 


the ſun in the iſt point of aries at Alex- 
andria ante Chriſt 146 years, March c W. 


Note, According to the civil reckoning 
of the hours from midnight, this vernal 
equinox fell upon the 23d day of March, 
at 32 minutes paſt noon at Alexandria. 


36 5. To find the time of the autumnal 
equinox at Greenwich, A. D. 1768. 


400 
+1768 


— —— — 


A. M. 577 5 or years from the radix, 


Retroceſſion. Tropical reduction. 

vears a radix, d. h. min, days à radix. h. min. 
_ 3 4 4 182621119 20 

wo 7 v.20 25 5669 15 40 


0 £©61:. - 23 9 
55 1826 5 5 


45 7) 2109274 15 15 


weeks 301328 ＋66 Wedneſday. 
Tropical 
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Tropical days 274 tropical time 2109274 15 15g 
epoch + on retroceſſion + 44 2 45 


$72 2109318 18 o 
Jul. days + 22 18 h. biſſextile year. 
253 à kal. Jan, old file 
for new 2 11 days 
| 264 a kal. Jan, new ſtile 
for Auguſt — 243 
£3 in Sept. 21 | d. h. min. 


in the fixed meridian a kal. Jan, 264 15 15 
meridian diſt, + o 10 24 


—̃ ——— — 


the ſun in the iſt point of libra at Green- 165 1 39 


wich, Sept. 22, 


366. To find the time of the vernal 
equinox, A. D. 1768. 


d. h. ni . 
From the autumnal equinox, Sept. 22, 265 1 39 
ſubſtract diſt. I a & 186 * Fe 


FE 13 48 


for Feb. 3 


the ſun in aries at Greenwich, A. D. 1768, Mar, 19 13 48 


367. Having 
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367. Having found the autumnal and 
vernal equinoxes for the biſſextile year, A. D. 
1768, we obtain them for the three fol- 
lowing years by continually adding thereto 
5h. 49 min. thus | 


£& in * . i ee e. km 


—_— — —— 2 » 


1768, March 19, 78 13 48 - 1768, Sept, 22, 265 1 39 
: + 549 T 5 49 
x —— . 
C 1769, Mar. 19, 78 19 37 - 1769, Sept. 22, 265 7 28 
y "SR .T 59 
3 1770, Mar. 20, 79 1 26 - 1770, Sept. 22, 265 13 17 
f 5 49 | + 5 49 


4 | 1771, Mar. 20, 79 7 15 - 1771, Sept. 22, 265 19 6 


368. Required the time of the autumnal 
equinox at Greenwich, A. D. 1772. 


4907 
1772 


A.D. 5779 or years from the radix. 


Retroceſſion. Tropical reduction. 
years a radix, d. h. min. days à radix h. min. 
5000 38 4 40 1826211 19 20 


70 0 25 5669 15 40 
. 25566 23 10 
5 3287 4 21 
V 3 29 7)z110735 14 31 


weeks 3015334 Monday. 


Tropical 
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Tropical pt 73 755 to the tropical time 2110735 14 31 
e retroceſhon + 44 3 29 
— — 

1033 2110779 18 © 

Jul. 9 becauſe of the 18 h. biſſextile year. 


253 à kal. Jan. old _ 
for new — 11 days 


264 a kal. Jan. new ſtile 
for Auguſt — 243 


Din libra Sept. 21 d. h. min. 
in the fixed meridian à kal. Jan. 264 14 31 
meridian diſt, -- o 10 24 


— 


the ſun in the firſt t of libra at Green- 
105 wich, Sept. 22. 265 © 55 


On a Tueſday, dominical letters. 


369. To obtain the verval ee 
A. D. 1772. 


d. h. min. 


3 Kal. Jan. $265 Oo 55 
diſt. from aries to libra 186 11 51 


— 


From the autumnal equinox, Sept. 22, 


78 13 4 
for February 59 1 


the ſun in the iſt point of aries at Greenw. Mar. 19 13 4 


370. We find the two equinoxes in the 
three next ſucceeding common years, as in 
the preceding example, by the continual ad- 
dition of 5 hours, 49 minutes. 


By 
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By this method of calculation, we avoid 
any miſtake that might happen with reſpect 
to the intercalary day ; becauſe we find the 
autumnal equinox firſt, and thence the vernal 
equinox, which always falls after the inter- 
calary day, and alſo as tropical time has no 
biſſextile years. 


To reduce hours, minutes, and 
ſeconds of time, into degrees, 
minutes, and ſeconds of the e- 
quator. 


371. Divide the ſeconds of time by 4, 


the quotient is minutes, and remainder ſo 


many times 15 ſeconds. 


Divide the minutes by 4, the quotient is 


degrees, and remainder ſo many times 15 


minutes. 
Multiply the hours by 15, the product 
is degrees. | 


EXAMPLE. 


CY wang 


Celeſtial and Terreſtrial Gronrs. 143 


EXAMPLE. 


Reduce 11 h. 35 min. 27 ſec. of time 
into degrees, minutes, &c. of the equator. 


ſec. min. h. a min. ſec. 
„ 165 
— — 15 8 45 © 
& 45” 845 — o 6 45 

1659 * 


anſwer 173 31 45 


To reduce degrees, minutes, and 
ſeconds of the equator, into hours, 
minutes, and ſeconds of time. 


372. Divide ſeconds by 15, the quotient 
is ſeconds, and remainder ſo many times 


4 thirds. 

Divide minutes by 15, the quotient is 
minutes, and remainder ſo many times 
4 ſeconds. 

Divide the degrees by 15, the quotient 1s 
hours, and remainder ſo many times 4 
minutes. 


EXAMPLE. 
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EXAMPLE. 


a 173 deg. 51 min. 45 ſec. of the 
equator, into hours, minutes and ſeconds 


of time. 


ſec. min. deg. h. öh. min, ſec. 
15)45(3” 15)51(3/ 15)173(11 11 32 6 
45 45 15 oO 3 24 
— — — 0 © - 3 


© S207” . $2 — 
| 15 11 35 27 anſwer. 


8=32/ 
We are now prepared to ſolve the lat- 


ter part of the laſt problem, which is as 
follows. 


PROBLEM XV. 


To find all thoſe places where it is 
noon at the time of an equinox, 
as well as that point upon the 
equator, to which the ſun is ver- 
tical at that time. 


Having found the time of an equinox by 
the preceding or any other method of cal- 


culation, as in the firſt example; we find 
the 


he 
ds 


tf 
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the ſun entered the firſt point of aries at 
Alexandria in Egypt, March 24th, o h. 
32 min. which was March 23d. at 32 
minutes paſt noon. 


The 32 minutes of time reduced to the 


equator, are equal to 8 degrees. 
Therefore bring Alexandria under the 

graduated ſide of the ſtrong braſs meridian, 

and ſet the horary index to XII upon the 


equator, turn the globe from weſt to eaſt 


until 32 minutes of time, or 8 degrees of 
the equator have paſſed under the horary 
index, where ſtop the globe; then all thoſe 
places under the faid graduated fide of the 
ſtrong braſs meridian will have noon, and 
that degree of the equator, which 1s then 
under the meridian, is the point to 
which the ſun was at that inſtant vertical, 


and is the interſecting point of the equator | 


and ecliptic, or that terreſtrial meridian 
which governs the paſſage of the firſt point 


of aries tor that year, 
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The vernal equinox, A. D. 1972, 
will fall on the rgth day of 
March, at 13 h. 4 min. which 
reduced to the degrees and mi- 
nutes of the equator, is qual to 
196 degrees. 


374. Bring London to the graduated 
ſide of the ſtrong braſs meridian, and ſet 
the horary index to XII, (in this caſe the 
graduated ſide is the horary index) turn 
the globe from weſt to eaſt until 13 h. 
4 min. of time, or 196 degrees of the 
equator have paſſed under the horary index, 
where ſtop the globe; the 196th degree of 


the equator will now be found under the 


graduated ſide of the braſs meridian, and is 


that point on which the ſun will be vertical 


at noon; at Which inſtant it will be 13 h. 
4 min. paſt noon at London or Greenwich. 


The meridian paſſing through this point, 


will be ſeen to paſs a little eaſtward of 


Kamkatſki, through the Pacific Sea, acroſs 


the iſland Dicerta, thence eaſt of the , iſle 
Taumago, and through the weſtern part of 


New 
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New Zeland, all which places will have 


noon at the inſtant of that vernal equinox. -. 


The autumnal equinox, A. D. $792, 
will happen September 22d, o h. 
5/5 min. at London, the 55 min. 
being equal to 1g deg. 45 min. 
of the equator. 


375. Bring London to the graduated ſide 
of the ſtrong braſs merifian,. and ſet the 
horary index to XII, turn the globe from 
welt to eaſt, until 55 minutes of time, or 
1.3 deg. 45 min. of the equator have paſſed 


under the Horary index, where ſtop the 
globe; here, as in the laſt example, the 3th 
degree and 45th minute is that point upon 


the equator to which the ſun is vertical, 
and the meridian paſſing through this point, 


lies under the graduated ſide of the ſtrong 
braſs meridian; which paſſes over the mid- 


dle of Greenland, and through the Atlantic 
Ocean to the eaſt of Teneriffe, a little to the 
weſt of Aſcenſion Iſland, and thence through 


the'Ethiopic Ocean, at which Places” it will 
as ne N 2 Tits be 
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be noon at the time of this autumnal 
equinox. 


Here it will be proper to give. the reader 
a ſhort account 


Of the natural agreement between 
the celeſtial and terreſtrial ſpheres; 
or, How to gain a perfect idea 
of the ſituation and diſtance of 
all places upon the earth, by tho 


ſun and ſtars. 


376. That part of the firmament which 
is in the zenith of London, is perpendicular 
to half the globe of the earth; which half 
comprehends almoſt all the habitable land 
| of Europe, Aſia, Africa, and America, with 
their coaſts, capes, land and ſeas; fince 
under the other celeſtial hemiſphere, which 
4 we do not ſee at the ſame time, there are 
only very inconſiderable lands and iſles. 


377. The inhabitants of Great Britain 
1 and Ireland nearly ſee the ſame half of the 
firmament adorned with ſtars and planets, 
[ which at all times ſupply the place of an 
immenſe 
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immenſe map of rhe world; and ſhew our 


terreſtrial hemiſphere by the ſtars, con- 
veying the correſpondent marks of the two 


continents to our fight and mind. 


378. The ſun, by his apparent daily mo- 
tion, ſeems to deſcribe a kind of ſpiral, in 
paſſing from one tropic to the other and 


back again, continually changing his decli- 
nation, and every day deſcribing a different 
parallel, art. 104. 

Forty-ſeven of theſe diurnal parallels are 
drawn on our new terreſtrial globe, art.1 15. 
116, between the tropics of cancer and capri- 
corn, repreſenting the parallels for every de- 
gies of the ſun's declination. e 


379. Before the reader proceeds, he is 


defired to make himſelf acquainted with the 
cauſe of the daily change in the ſun's decli- 


nation, beginning at article 1 50, and reading 
from thence to the 166th article. 


Which being premiſed, it will be eaſy to 


conceive, that the ſun being in any one of 
theſe parallels, muſt neceſſarily caſt his per- 
pendicular rays that day upon the heads of 
the inhabitants of thoſe places e _ 
that —_ of declination Pe 5 
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Note, Although theſe 47 parallels are 
here called parallels of deelination, they are 
alſo parallels of latitude upon the terreſtrial 
globe. 
380. From theſe principles we obtain the 
ſituation of thoſe places, to which the fun 
is vertical every day in the year; we alfo find 
the time of that day at the place of any ob- 
ſerver, from whence looking at the ſun, we 
may pronounce him to be over the heads of 
the inhabitants of divers cities and ſtates, 
during the feveral hours of that day, and 
ſo on for every day in the year. 


381. The ſun being perpendicularly over 
any one of theſe diſtant cities or princi- 
palities, at the time of our obſervation, if a 
plumb-line be held up between the ob- 
ſerver and the fun, fo as to paſs through or 
before the ſun's center, it will cut the viſible 
horizon in a point, that will fix the bearing 
or paſſage in a right line from the obſerver 


to that place, upon which the ſun is then 
vertical. 


382. A point thus noted upon the viſible 
horizon, may be {cen at all times, and repre- 
{ent the ſame bearing, independent of the 
ſun and ſtars, and that in ſuch a conſpicuous 

| manner 


bs 
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manner as to render this knowledge always 


entertaining, uſeful and intereſting. 


STE 


383. The ſtars at night perform the ſame 
more copiouſly, by pointing out to our ſenſes 
the diſtance of many diſtant proyinces, at 


one and the fame inſtant of time, from our 


own zenith. 

Hence we are in poſſeſſion of a moſt im- 
menſe and extenſive field, wherein we may 
correct and improve our aſtronomical and 
geographical knowledge. 


Examples of ſolar correſpondents. 


PROBLEM XLVI. 


To find the ſolar correſpondence to 
a fixed point upon the earth, 
when the ſun is ſeen by an ob- 
ſerver, ſituated upon any other 
point of its ſurface. 


EXAMPLE I. 


384. Let the obſeryer be in London 


(or in any of the country places within thirty 
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miles of it) upon the roth day of March, 
at 10 minutes paſt XI en in the 
morning. 

QurRE, The place upon which the ſun 
will be vertical at that time? 

Rectify the globe by bringing the 1oth 
of March, engraved on the backſide of the 
ſtrong braſs meridian, to the plane of the 
broad-paper circle; find the ſun's place, 
againſt the day of the month in the kalen- 
dar, which will be about 20 deg. 10 min. 
in piſces; ſeek theſe degrees and minutes 
in the ſign piſces upon the ecliptic line on 
the globe, and you will find it fall upon 
the fourth parallel of ſouth declination, to 
all the inhabitants on this parallel the ſun 
will be vertical that day. Now bring 11 h. 
Io min. on the equator to the graduated 
ſide of the ftrong braſs meridian, and you 
Will find it cut the fourth ſouthern parallel 
upon the city. of Loango, on the weſtern 
coaſt of Africa. 

Therefore if you look at the ſun 10 mi- 
nutes paſt XI in the morning at London, 
you will then ſee him at the inſtant he is 
directly over the heads of the inhabitants of 


the city of * in Africa; at the ſame 
5 time, 
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time, your ideas are made ſenſible of the 
comparative diſtance, which you ſee in the 
firmament between the zenith of London 


under which you ſtand, and the ſun, which 


is then in the zenith of Loango; alſo if at 
the time of your obſervation, you cauſe a 
plumb- line to be held up between you and 
the center of the ſun, and caſt your eye 
down towards the moſt diſtant part of your 
ſenſible horizon, the plumb- line will cut 
a point thereon, which, if remembered, will 
always ſhew you the true bearing or point 
of the compaſs, in a direct line from your 
ſituation, to that of Loango. 

38 5. This diſtance and bearing may be 
nearly found by the globe; thus, 

Elevate the globe to the latitude of Lon- 
don, that the broad- paper cirele may repre- 
ſent your horizon, ſcrew the nut of the 
quadrant of altitude in the zenith, that is 
upon 51 deg. 32 min. counted from the 
equator towards the elevated pole, bring 
London under that point, and lay the gra- 
duated edge of the quadrant upon Loango, 
which will cut the bearing 15 degrees, 
reckoned from the ſouth towards the eaſt, 
or between the points SSE and 8 b E; now 
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ſeparate the quadrant from the globe, and 
lay its graduated eage upon Loango and 
London, ſo that the beginning of the gra- 
duation may lie upon one of the places, then 
the other will cut 56 degrees, which is 
equal to 3360 geographical miles, or 3892 
Engliſh miles, the diſtance between London 
and Loango. | 

386. To elucidate this example, we ſhall | 
trace the ſun's verticity over that part of this 
day's parallel of declination, as is included 
between the riſing and ſetting ſun at London 
far that day. 

Imagine, as we have befare ſuppaſed, an 
image of the fup to be painted upon the 
cieling of the room, directly oyer the ter- 
reſtrial globe. 

Let the globe be reftifed to the 10th 
of March, place the center of the artificial 
horizon upon London, and bring it into a 
caincidence on the weſt fide of the plane of 
the broad-paper circle, now repreſenting the 
edge of the earth's illuminated diſk ; we 
ſhall then have the poſition of the earth 
wich reſpect to the ſun for that day; when 
the inhabitants of London will be leaying 


the SR, and pling 1 into the firſt point 
. 
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of day, or ſan-rifing, at about 18 minutes 
paſt VI in the morning, cut by the gra- 
duated ſide of the — brafs meridian on 
the hour line under the equator; at this 
time the meridian will hkewife cro the 
fourth parallel of fouth dechnation, in the 
Indian Ocean, between the iſtand of Sumatra 
and the Maldive Ifles; if we look upon the 
ſun that morning at the inftant of his rifing, 
we ſhall fee that his diſtance from our zenith 

will then be go degrees, he being in our 


horizon, which is equal to 5400 geogra- 


phical or 6155 Engliſh miles, the diſtance 
from London to that part of the Indian Sea ; 


turn the globe from weſt to eaſt, until 


8 h. 12 min. are under the horary index, 
which in this caſe is the ſtrong braſs meri- 
dian, and it will cut the iſle Macarenhas, to 
which the fun will then be perpendicular, 
at 4 paſt IX he will be perpendicular to the 
coaſt of Zanguebar, his central ray paſſing 
between Monibacca and Pemba, thence it 
paſſes over the kingdoms of Monomugi, 
Macoco, Congo, &c. until he is perpendi- 
cular to the city of Loango, upon the 
weſtern: coaſt of Africa, at 11 h. 10 min. 


the ſame morning; immediately aſter which 
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his perpendicular rays are abſorbed in the 
Ethiopic Ocean, over which he is 3 h. 
22 min. in paſſing to Fort St. Lucar, on 
the eaſtern coaſt of America, at 32 minutes 

II in the afternoon; thence he proceeds 
to ſend forth his perpendicular rays over the 
heads of the inhabitants of Brazil, acroſs the 
vaſt country of the Amazons and Peru, in 
the decline of our evening, until his arrival 
over Cape Blanco on the weſtern ſide of 
South America, a little before he ſets to the 
inhabitants of London, which is about 
40 minutes paſt VO clock. 


EXAMPLE II. 


387. Every rectification being obſerved 
as in the firſt example, required the place 
upon which the ſun is a correſpondent at 
48 minutes paſt VI in the evening of the 
18th of May, the ſun's place being about 
17 deg. 40 min, in taurus, which ſhews 
upon the globe, that the ſun will be nearly 
vertical to the 17th parallel of north decli- 
nation on that day. Turn the globe from 
weſt to eaſt, until London has paſſed the 


ſtron ng braſs meridian and ſtop, when its 
'L graduated 


2 
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graduated fide is directly over 6 h. 48 min. 


afternoon, and it will cut upon the 17th 


parallel of north declination, the city of 


Acquapulco on the weſtern coaſt of Mexico, 
over Which the ſun will then be vertical, 


EXAMPLE III. 


338. Let the obſerver be at Cape Clear 
on the weſtern coaſt of Ireland, on the 16th 
day of July, at 54 minutes paſt VIII in the 
morning. 

Quere, The place upon which the ſun 
will then be vertical? 

The ſun's place being in the 24th degree 
of cancer, which on the globe falls upon 
the 21ſt parallel of north declination. 

Bring Cape Clear to the graduated ſide of 
the ſtrong braſs meridian, and ſet the horary 
index to XII, turn the globe till 8 h. 54 min, 
amongſt the morning hours are under the 
horary index, and you will find the gra- 
duated ſide of the ſtrong braſs meridian to 
cut the 21ſt parallel of north declination 
upon Farrat in Nubia, on the weſtern ik 
of the Red Sea. 

&h S419 5 92 
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ExAMPLE IV. 


389. Let the obſerver be at Rome, on 
the 20th day of November, at 37 minutes 
paſt X in the morning. 

Quere, The place upon which the ſun 
will be vertical at that time? 

The fun being about 284 degrees in 
ſcorpio, which falls to the ſouthward of the 
20th parallel of ſouth declination. 

Bring Rome to the graduated fide of the 
ſtrong braſs , meridian, and ſet the horary 
index to XII, turn the globe to have 10 h. 
37 min. under the horary index, and the ſaid 
graduated fide will then cut under the 2oth 
parallel of ſouth declination the city of So- 
fala in the kingdom of Quiteri, to the ſouth of 
Monomotapa, on the eaſtern coaſt of Africa. 

We apprehend theſe four examples are 
ſufficient to give the reader a clear idea of 
the ſolar correſpondents to all places within 
the torrid zone, and to enable him to diſ- 
cover ſome thouſands more. 

390. Although we can have but one ſolar 
correſpondent at the ſame time, yet as an 


the firſt example, we can trace him through 


his 
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his diurnal parallel for every hour and mi- 
nute of the day, and ſo alſo upon every day 
in the year. 

391. Nothing can be eafier or more in- 
telligible than thris method of improving the 
mind by repteſenting to the eyes the diſtance 
from our own-zemith to the zenith of every 
ſpot of land and ſea, within the tropics; 
When at every fingle obſervation we have 
it alſo in our power to note the bearing of 
each of theſe places upon our viſible hori- 
20n, Which may be referred to, at all times, 
when the fun is not in that parallel. 

392. Let tis nau change the ſcene from 

that of the great globe df day, to obſerve 
the ſtars by night, which will (prefent to gur 
view a copioũis fieid of geagraphical khow- 
ledge; many of Which may be ſeen at dne 
and the ſame inſtant of time, hen they are 
in the zenith | of ſo many different jplaces 
upon the earth, and then immediately 
afterwards remove from that deſigfgation, 
to give place for a great number of others. 


a lively curioſity of knowing theſe neceſſary 
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Of the celeſtial correſpondents. 


393. The knowledge of the celeſtial cor- 
reſpondents diſcover a new ſyſtem of aſtro- 
nomical geography, an obje& worthy of 
attention, The perfect agreement between 
the celeſtial and terreſtrial ſpheres being an 
aſſemblage of both, and it may with very little 
trouble be attained, in making the ſtudy of 
one a means to arrive at the other; the 
object of this correſpondence being the con- 
tinual variation between the parts of the 
celeſtial and terreſtrial ſpheres. 7 


394. Geography alone being eaſier than | 
aſtronomy, has generally a particular place 
in the education of young ſtudents, who 
ſeldom leave their juvenile ſtudies without 
gaining ſome idea of the four quarters of the 
world, a flight notion of the ſituation of 
places with reſpect to each other, and a 
ſketch of the principal empires ; but gene- 


rally without any application to the ter- 


reſtrial, and ſcarce ever a compariſon of that 
and the celeſtial globe, and without feeling 


and 
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and improving branches of the ſcience of 
hiſtory and its peculiar events. 

395. To facilitate the ſtudy of geography, 
it has always been neceſſary to lay maps and 
charts before a pupil, which are generally 
ſeparate plans of different countries. But 
what idea do theſe afford of the vaſt extent 
of the earth, of its ſpherical form, or of the 
proportionable diſtances, real bearings, &c. 
of the empires, kingdoms, and ſtates on the 
habitable part of our terreftrial globe? 

396. How much more intelligible and 
juſt are the proportionable diſtances of the 
_ fixed ſtars, when compared with the natural 
diſtances of the ſeveral places upon the 
earth, over which they dart their perpen- 
dicular rays; thereby conſtituting this new' 
ſyſtem of aſtronomical geography, by ocular 
demonſtration. They are faithful teſtimonies 
of the vaſt extent of the univerſe, and they 
declare the diſtance, bearing, and ſituation 
of all places upon the earth, | 

397. By theſe means, together with the 
aſſiſtance of maps and charts, ſuch a copious 
and clear idea of geography will be attained, 
and its natural principles fo firmly eſtabliſh- 
ed, as never to be eraſed. 
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398. The conſequences to be drawn from 


theſe principles, are entirely in favour of the 


harmony between the celeſtial and terreſtrial 
ſpheres. 


Of the paſſage or tranſit of the firſt 


point of aries over the meridian. 


399. This point determines the apparent 
daily motion of the heavens, and fixes the 
continual differences in the courſe of the ſun 
and ſtars. _. 

It is by the knowledge of that peculiar 
point on the terreſtrial equator, where its 
interſection with the celeſtial ecliptic happens 
to fall at the time of a vernal equinox, it 
is that place upon the earth to which the 
ſun is vertical at that time; and from the 
knowledge of this we obtain the time of its 


paſſage over any meridian upon the globe, 


for every day of the year. 

400. The conformity of the degrees of 
right aſcenſion, with thoſe of terreſtrial lIon- 
gitude, happen but upon one moment of the 
24 hours, in a natural day, when the firſt 
point of aries is on the meridian of London, 
the firſt degree of right aſcenſion is on this 

meridian 
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meridian alſo; and the ſignal to confirm 


this is, when a ſtar of the ſecond magnitude 


marked ꝙ near the extremity of the wing 
of Pegaſus, is upon the meridian, at that 
inſtant the equinoctial colure will be upon 


the meridian alſo, for this colure paſſes 


through the firſt point of aries and that 
ſtar. 
401. This is the moment when each of 


the 360 degrees of right aſcenſion in the 


celeſtial ſphere, is perpendicular to every 
like degree of terreſtrial longitude; at which 
time there is a perfect paralleliſm and per- 
pendicular correſpondence of all the circles, 
points, and lines, in both ſpheres. 

402. To this we have paid a particular 
regard, in the conſtruction of our new 
globes, by numbering the degrees on the 
equator of the terreſtrial globe, with an 
upper row of figures in the ſame direction, 
as thoſe of right aſcenſion are numbered 
ren the celeſtial globe. 

40g. If from that inſtant of tiene, when 
2 y of pegaſus is upon the meridian, 
we conceive the ſtars to be immoveable, and 
that we, together with the globe of the 
earth, are turned from welt to eaſt upon the 

M 2 equatorial 
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equatorial axis, we ſhall perceive our .πõ m 
meridian, to paſs ſucceſſively under every de- 
gree and ſtar on the celeſtial equator. > + 
404. And that the reader may thoroughly 
underſtand what is meant by this uniformity! 
in the two ſpheres, let him imagine the 
celeſtial globe to be delineated upon glaſs or 
any other tranſparent matter, which ſhall 
| Inveſt or ſurround the terreſtrial - globe, 
but in ſuch a manner, that either may 
be turned about upon the poles of the 
world, whilſt the other remains fixed; 
and ſuppoſe the firſt point of aries, on the 
inveſting globe, to be placed upon the 
firſt point of aries on the terreſtrial globe, 
(which point is in the meridian of London,) 
they will then repreſent that ſituation of the 
heavens and the earth, we have been juſt 
deſcribing, on that inſtant, when the firſt 
point of aries is upon the meridian; and 
then every ſtar on the celeſtial will lie upon 
every particular place of the terreſtrial globe, 
to which it is a correſpondent; each ſtar will 
then have the degree of its right aſcenſion 


directly upon the correſponding degree of 
terreſtrial longitude; their declination will 
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alſo be the ſame with the latitude of thoſe, 


places upon which they lie. 

405. Now if the reader conceives the. 
celeſtial inveſting globe to be fixed, and the 
terreſtrial globe to be gradually turned from 
welt to. eaſt, he will readily underſtand, as, 
the meridian of London paſſes from one 


degtee to another under the inveſting ſphere, 


that every ſtar thereon becomes a correſ- 


pondent to another place upon the earth; 


and ſo on until the earth has completed — 
diurnal revolution, or till all the ſtars, by 
their apparent daily motion, have paſſed over 
every meridian of the terreſtrial globe. 

Hence atiſez an immenſe and an amazing 
variety in the harmony of both ſpheres. 


406. If the ſun and a ſtar tranſit the 
meridian on any particular day, the next 
day the ſtar will precede the ſun about 4 
minutes; in two days the acceleration of the 
ſtar with reſpect to the ſun will be about 
3 minutes, in 4 days 16 minutes, in 8 days 
32 minutes, and in fifteen days the apparent 
motion of 'the ſtar will be accelerated one 
hour, whilſt the ſun, with reſpect to the ſtar, 
will ſeem. to be retarded one hour; in one 
month the ſtar will be two hours before the 
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ſun, in three months ſix hours, in ſix months 


twelve hours, and in one year twenty-four 


hours. 

407. So that a year after the ſun and ſtar 
have croſſed the meridian together, they will 
meet again nearly at the me time; but the 
ftar inſtead of ſeeming to make 26 5 revo- 
lutions will have made 366, one more than 
the eatth to the ſun in a year, 

408. The right aſcenſion of the firſt point 
of aries, is the complement of the ſun's right 
aſcenſion to 360 degrees of. the equator, or 
to the 24 hours of a natural day: this is the 
point from which the right aſcenſion of the 
ſun, ſtars, and planets is always reckoned. 

- 409. The reader will pleaſe to obſerve, 
that in ſpring and ſummer, the firſt deg . 
of right aſcenſion, which is the firſt po 

of aries, comes to the meridian with us Fl 
fore noon ; there are no ſtars then viſible 
in the night, but thoſe which follow the 
firſt point of libra; that is to ſay, thoſe ſtars 
which have more than 180 degrees of right 
aſcenfion : in autumn and winter thoſe ſtats 
are viſible in the night, which follow the 
firſt point of aries, having leſs than 180 de- 


grees of right aſcenſion, 


410, Ob- 


* ws 1 
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410. Obſerve alſo, that the interval be- 
tween the paſſage of the firſt point of aries 
over the meridian of any place, and that of 
the firſt point of libra over the ſame meri- 
dian, is not 12 complete hours, but only 11 
hours 58 minutes, to which attention muſt 
be paid, leaſt theſe two minutes ſhould be 


miſtaken. 


411. By the paſſage of the * over the 
meridian, we are taught the knowledge of 
thoſe degrees of the equator, which are 
then riſing and ſetting ; for that degree 
which is ſetting precedes that on the meri- 
dian go degrees, or fix hours; and 180 de- 
grees or twelve hours that which is riſing; 
and that degree of the equator, which is on 


che meridian under the elevated pole, is 180 


degrees diſtant from that point of it ay 
is Palins the meridian, 


M4 Puck 
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PROBLEM XLVII. 


To find the time of the right aſcen- 
ſion of the firſt point of aries 
upon any meridian. 


41 2. We have already ſhewn by an 0. 
calculus, how to find the times of equinox 
to any meridian, but we have not yet ſhewn 
their application to the right aſcenſion of the 
firſt point of aries. 

413. The dinrnal difference of right af- 
cenſion, at the time of a vernal equinox, is 
3 min. 38 ſec. which we have formed into 
a table, entitled, The horary difference in the 
motion of the firſt pornt of aries at the time 
of @ vernal equinox; to which is annexed, 
a table of the difference of the paſſage of the 
firſt point of aries over the meridian for every 
day in the year. 


The uſe of the les of 11 
aſcenſion. 
414. Having found the time of any ver- 


nal equinox, and transferred it from the 
fixed 
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fixed to your own meridian by the addition 
of your meridian diſtance, - * | 


Take out of the table of horary dif- 
ferences, the motion anſwering to the 2 
and minutes of the time of the vernal equi- 
nox, and their ſum will be the time of the 
paſſage of the firſt point of aries over that 
meridian; the day on which, but before the 


equinoQial interſection happens. Thus, 185 


415. A. D. 1769, che vernal equinox falls 0 on 
March 19th, 19 h. 37 min. 
min, ſec. 
hours 19 2 $53 
min. 37 9 


Right aſcenſion of Y O, u 


p- 
on the equinoctial day „ a paſt noon, 


116 A. D. 1770, the ſun will enter aries 
March 20, 1 h. 26 min. 
min. ſec. 


hours 10 9 
min. 26 4 


Right aſcenſion of Y© on 


the equinoctial day, at o 13 paſt noon. 
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417. A. D. 1771, the vernal equinox ail 
on March 20, 7 h. 15 min. 
min, ſec. 
hours 7 1 4 
min. 15 © 2 


Right aſcenſion of Oon the 


equinoxial day, at 1 6 paſt noon, 


418. A. D. 1772, the ſun will enter aries, 
March 19, 13 h. 4 min. 
x min. ſec. 
hours 13 1 58 
1 


1 59 


419. The right aſcenſion of the firſt poin 
of aries, thus found for the day on which 
the equinox happens, holds good for the 
whole year, and is to be added to the dif- 
ference of the paſſage of the firſt point of 
aries over the meridian found againſt the 

day of the month; and their ſum will be 
the time of day when the firſt point of aries 
will paſs the meridian. 


420. Obſerve when the equinox falls on 
the 19th day of March in a common year, 
to ſeek the day of the month in the right 


hand column of the table; and when it 
| falks 
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falls upon the 2oth day of March, ſeek the 


day of the month in the left hand column, 


over which in either cafe, and under the 
name. of the month, you have the. proper 
difference of right aſcenſion to be added 
to that found above for the day of the 
equinox. _ 

421. In biſſextile years, ſeek the day of 
the month in the left hand column, to the 
end of February, and for the intercalary 
day or 29th of February, take out the dif- 
ference of right aſcenſion anfwering to the 
firſt of March, after which to the year's end 


ſeek the day of the month in the right hand 


Column. | | 


422. Having thus found the right af- 
cenſion of the firſt point of aries for any day 
in the year, add thereto 11 h. 58 min. and 
you obtain the time of the right aſcenſion of 
the fieſt point of libra, 
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EXAMPLE I. 


423. A. D. 1769, equinox March 19. 
h. min. ſec. 
Jan. 25, 3 23 24 
2 59, 


Right aſcenſion Y ©, ; 26 23 


Nov. 14, 8 36 31 
3 59 


Right aſvenſion Y ©, ; 39 30 


> ExAmMPLE I. 
A. D. 1770, .equinox March 20. 
bh. min, ſec. 


Feb. 25, 1 24 52 
F 


Right aſcenſion Y ©, 1 25 5 


1 


nn, ww 6 +6 
1 


Right aſcenſion * O, 10 26 19 


* EXAMPLE - 
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ExAMTE III. 


A. D. 1771, equinox March 20. 
3535 OS h. min. { 

8 1 ab" Y 

e | ＋ 1 6 


Right aſcenſion YO, 4 23 52 


Decem, 16, 6 22 58 
| + 1 6 


Right aſcenſion V ©, 6 24 4 


* 2 
* 


ExAMPLE IV. 


A. D. 1972, equinox March 19. 


Biſſextile year, h. min, ſec, 
. Feb. 28, 1 13 33 
n 

Right aſcenſion Y ©, 1 15 34 

The intercalary day, Feb. 29, 1 9 50 
a ©. 
Right aſcenſion Y ©, Is 49 

March 1, 1 6 7 

„ 


Right aſcenſion Y . 1 8 6 


Auguſt 28, 13 28 17 


EY Right aſcenſion Y ©, 13 30 16 
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Theſe four examples are quite ſufficient, 
if the reader compares them with the tables 
and precepts. + 


In the 42d and 43d problems, we have 
ſhewn how to find the hour that any known 
ſtar comes to the meridian; and alſo to 


find the time of the year any ſtar. paſſes the 


meridian at any hour propoſed, art. 317, 
318. but in that place we were not pre- 
pared to apply the right aſcenſion of the 
firſt point of aries, ſo properly for an obſer- 
vation of the ſtars, as by the following 


PzozueM XLVIIL 


To find the time of the right aſcen- 
ſion of any ſtar, upon any par- 
ticular meridian, on any day in 
the year, 


424. Firſt find the time of the right 


aſcenſion of the firſt point of aries, art. 412, 


by problem 47, agreeable to your own 
meridian. 

Then apply to the celeſtial globe, and 
_— the 12 ſtar under the graduated 
ſide 
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fide of the ſtrong braſs meridian, which will 
cut its right aſcenſion, or rather its diſtance 
in time or degrees, upon the equinoctial; 
add this quantity expreſſed in time to the 
right aſcenſion of the firſt point of aries, 
and you will obtain the time of the paſſage 
of that ſtar over the meridian very near the 
truth. Thus, 


The ſtar marked in the head of draco, 
will have 268 degrees, or 17 h. 52 min. 
art. 372. of right aſcenſion or diſtance from 
the firſt point of aries, which added to the 
right aſcenſion of that point for the 13th 
day of July, A. D. 1772, gives the true time 
of its right aſcenſion that evening, at 10 h. 
12 min. this ſtar will be over the heads of 
the inhabitants of London at that time, its 


declination being 51 deg. 32 min. equal to 


the latitude of this capital city. 


Note, In this method of working, when 
the hours exceed 24, deduct 24 hours 
therefrom, and you obtain the true time 
ſought, | 
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— 2 XLIX. 

To rectify the celeſtial globe for any 
time in the evening of any day 
in the year, by the knowledge 
of the time when the firſt point 


of aries ſhall paſs the meridian 
that day. 


425. As the degrees and hours upon the 
equinoctial line on our new globes, are 
numbered from the firſt point of aries. | | 

' Firſt find the right aſcenſion of that point 
by problem 47, art. 412, for the given day, 
and rectify the globe to your latitude, art.1 16, 
then bring the firſt point of aries upon the 
globe, under the graduated fide of the ſtrong 
braſs meridian, and ſet the horary index to 
the hour and minute of the paſſage of aries o, 
firſt found, turn the globe until the given 
hour is under the horary index, and place it 
due north and ſouth by the mariners com- 
paſs, attending to the variation of the needle, 
and you will have a perfect repreſentation 


of the ſtarry firmament, not only for that 


inſtant, 


Fs * 
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inſtant, but as long as you pleaſe to apply 
yourſelf to the knowledge of the ſtars that 


evening, by only moving the globe to any 
other minute under the horary index as the 


time advances. 

426. Thus on the 25th of F e 
A. D. 1770, about 26 minutes after Vin 
the evening, the ſtar called al-debaran, or the 
bull's eye, will be upon the meridian of 
London, or places adjacent; about VI o'clock 
that evening, Orion will begin to paſs the 


meridian, and preſent a glorious view to the 


eyes of the obſerver, there being ſo many 
eminent ſtars in that conſtellation, then ſuc- 

ceſſively paſſing over the meridian until 
paſt VII; all the ſtars in auriga, or the 
chatioteer; will be paſting the meridian at 
the ſame time; after which canis major will 
ſucceed with ſyrius, the dog- ſtar, at the fide 
of his jaw ; then canis minor and gemint 
or the twins will follow, and ſo on for the 
remainder of the night. This appearance 
may be obſerved ſeveral months, but at dif- 
ferent hours in the night, which may be 
found by this problem. | 
427. Alſo on the 8th of May in the ſame; 
year, the firſt oy of aries will paſs. our 
N meridian 
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meridian at 20 h. 58 min. 29 ſec. but if 
we reckon the hours from midnight, at 
58 minutes paſt VIII in the morning, at 
which time no ſtars can be ſeen; therefore 
we muſt have recourſe to the right aſcenſion 
of the firſt point of libra, which is thus 
obtained, 


h. min. ſec. 

To the ee aſcenſion of the firſt | 
point of aries {20 

„ 


32 56 29 
When the hours exceed 24, ſub- 
ſtract therefrom 0 


56 29 in the 


point of libra, A. D. 1770, evening. 


The right aſcenſion of the Is 8 
May 8th, at 


428, Now in the precept to this problem, 
read libra inſtead of the word aries, and the 
rule will hold good in this as well as in the 
firſt caſe. Therefore, 

Bring the firſt point of libra to the gra- 
duated fide of the ſtrong braſs meridian, and 
ſet the horary index to 56 minutes paſt VIII 
in the evening, turn the globe until the 
horary index points to 10 minutes paſt X 
o'clock, and you will find the ſtar called 
Spica virginis, being that in the ear of corn 

ſhe 
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ſhe holds in her hand, a ſtar of the firſt 
magnitude marked a, upon the meridian at 
that time. If you then look at the firma- 
ment, you will ſee the conſtellations cancer, 
leo minor, leo major, the great bear, with 
the head and wings of virgo, on the weſtern 
fide of the meridian; and on the eaſtern fide 
thereof, the ballance, ſcorpio, bootes, Her- 
cules, &c. ſucceflively following the firſt 


point of libra in their . paſſage over the 


meridian. 


The correſpondency of the faxed 


ſtars. 


429. Before we attempt an obſervation 
of this kind, a ſignal or warning ſtar muſt 
be firſt obtained; that is, ſuch a ſtar is to be 
ſought, as ſhall have the ſame or nearly the 
ſame quantity, either in degrees or time of 
right aſcenſion, reckoned from the firſt point 
of aries, as the place, over which any other 
ſtar ſhall then happen to be a correſpondent, 
ſhall have of longitude, reckoned crane | 
of London. 

430. It has been ſhewn that declination 


in the celeſtial and latitude on the terreſtrial 


N 2 globe, 
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globe, mean one and the fame thing, botlr 
being meaſured by their diſtance from the 
equator ; conſequently, if the declination of 
any ſtar is equal to the latitude of any place, 
that ſtar, by a line conceived to be drawn 
from it to the center of the earth, will de- 


ſcribe the parallel of that place; whence it 


becomes a correſpondent, not only to tha 
particular place, but alſo to all thoſe places 
which lie in the ſame parallel of latitude, by 
paſſing perpendicularly over the heads of 
them all once every 24 hours. But as a 
preparation to this propoſition, we muſt firſt. 


ſhew, by the following problems, how to 


find thoſe places to which any ſtar is a cor- 
reſpondent, and thoſe ſtars which are correſ- 


pondents to any place. 


PROBLEM L. 


To find all thoſe places to which 


any ſtar is a correſpondent. 


431. Firſt find the declination of the ſtar 
on the celeſtial globe by problem V, art. 55. 
and remember whether it be north or ſouth; 
count the ſame number of degrees upon 


the 
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the ſtrong braſs meridian of the terreſtrial. 
globe the ſame way from the equator, and 
note the place by holding the edge of a 
card thereto; turn the globe from eaſt to 
welt, and all thoſe places which paſs under 
that point, will be correſpondents to that 
ſtar, becauſe they will be in the line paſſing. 
from the center of the earth through the 
very place upon its ſurface, to which the ſtar 
1s at that time vertical. Thus, 

The declination of the ſtar marked , in 
| the head of draco, is 51 deg. 32 min, equal 

to the latitude of London; therefore this 
brilliant ſtar of the ſecond magnitude may 
be called the ſtar of this metropolis, without 
being deprived of its own name; it may like- 
wiſe take the name of any other place in the 
parallel of London. 

432. The reverſe of this arodlem being 
to find all the ſtars which are correſpondents 
to any place, is ſo eaſy as to require no far- 
ther explication, than that of applying firſt 
to the terreſtrial globe. 

The apparent diurnal motion of md 
only, will ſucceſſively ſhew its perpendicu- 
larity to various countries, as will appear by 


A general 
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A general deſcription of the paſſage 
of the ſtar marked » in the head 


of the conſtellation draco, over 
the parallel of London. 


433. This eminent ſtar traces the parallel 
of London, and is a ſtar of perpetual appa- 
rition to the inhabitants of the Britatinic 
Iſles; it comes upon the meridian of London 
with the 268th degree of right aſcenſion, 
and is at that time directly perpendicular to 
or over the heads of the people in this city, 
two minutes of an hour after its warning 
ſtar marked k in the nal way, has Rows 
the meridian. 

434. Note, This ſtar marked 14 1s the 
ſouthermoſt of a group of five ſtars, ſituated 
between the ſhoulder of ſerpentarius and 
Sobieſki's ſhield, which in the firmament 


appear in the form of a Roman V, as may 
be ſeen upon the globe. 


435. The declination of our en 
dent ſtar y in the head of draco, is 51 deg. 


z2 min. equal to the latitude of London; 
with which apply to the terreſtrial globe, 
and 
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and bring London to the graduated ſide of 
the ſtrong braſs meridian, and ſet the edge 
of a card thereto, holding it to the braſs 
meridian with your right hand, while you 
gradually turn the globe from weſt to eaſt 
with the other hand, and that point of the 
card which is upon the globe will then re- 
preſent the interſection of that line upon the 
ſurface of the earth, which we have ſup- 
poſed- to paſs from the center of the earth 
to the ſtar; and as this point, though at 
reſt, paſſes over the parallel of London upon 
the globe, ſo does the central ray, proceeding 
from the ſtar, really paſs over every point of 


land, and ſea, upon that part of the earth 


which is circumſcribed by the Toi of 
London. 


436. Thus you will ſee the ſtar marked 9, 
in the head of draco, paſs from London over 


the road to Briſtol, and dart his perpendi- 


cular rays upon that city; then croſſing the 
fea, it reaches Ireland between Kinſale and 
Cork, and leaving that kingdom, will ſhine 


over the Atlantic Ocean, until he 1s perpen- 
dicular to the north cape of Newfoundland; 


whence it will be vertical to Eſkimos, and 
* between lake Achoua and the north- 
N 4 ern 
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ern coaſt of the gulph of St. Lawrence, 
then he will croſs St. James's Bay, Kriſtino, 


| &c. and paſs weſtward over a vaſt ſpace of 
land but little known to the Europeans; 


thence will leave the weſtern coaſt of North 
America, to ſhine upon the northern part 
of the Pacific Ocean, until he is perpen- 
dicular to ſeveral iſlands, one of which is 
called St. Abraham ; it crofles the ſouthern 
land of Kamſchatſka, and the iſland San- 
galien; thence it becomes perpendicular to 
the continent, near Telmen on the eaſt fide 
of Mongales in Chineſe Tartary, and fo pro- 
ceeds to caſt its perpendicular rays, over a 
vaſt country in Aſia, being ſometimes a 
zenith point to the Chineſe, at other times 
to the Ruſſian Tartars, and paſſing over 
Bielgorod, becomes vertical to Muſcovy, Po- 
land, Germany, and Zeland, and ſo croſſes 
the ſea again to return to its perpendicu- 
larity over the city of London: all which is 
performed by the earth's diurnal motion in 
ſo ſhort a time as twenty-three hours and 
fifty- ſix minutes. 


437. When a beginner has bout thi 
exerciſed with the general paſſage of two or 
three principal ſtars oyer their correſpondent. 

parallels 
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parallels on different parts of the earth, his 
ideas will be ſo greatly improved, that maps 
and charts may then be laid before him 
with propriety, in order to confirm him in 
the knowledge of the particular parts of 
thoſe very parallels of which he has already 
attained a general idea upon the globe. 


ProBLEM LI, 


To God: a ſignal or warning ſtar, 
that ſhall be upon or near the 
meridian of an obſerver, at the 
time any known ſtar is perpen- 
dicular to any place on its cor- 


reſponding parallch 


pf 7 Bring the given place to 1 gra- 
duated ſide of the ſtrong braſs meridian on 
the terreſtrial globe, and it will cut the de- 
grees of its longitude, reckoned eaſtward 
from London, upon the upper row of figures 
over the equator; then | 

Apply to the celeſtial globe, and ſet the. 
given ſtar under the graduated fide of the 
h ſtrong 
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ſtrong braſs meridian, which will cut the de- 
gree of its right aſcenſion on the equinoctial. 
If the ſituation of the obſerver is 
weſt of the given place, ſubſtract the ter- 
reſtrial longitude from the right aſcenſion of 
the ſtar ; if eaſt, addthe longitude, and move 
the celeſtial globe, till the ſum or reſidue 
thereof is under the graduated fide of the 
ſtrong braſs meridian, and then that ſame 
fide will be directly over thoſe ſtars which 
are upon, or have juſt paſſed, or are not 
quite come up to the obſerver's meridian, at 
the moment the given ſtar is vertical to the 
place propoſed; either of which will correctly 
anſwer the preſent purpoſe, and become the 
ſignal or warning ſtar ; that upon its arrival 
on the meridian will declare the given ſtar 
to be vertical to the place aſſigned. 


Thus let the obſerver be in or near Lon- 
don, and the bright ſtar in lyra or the harp 
of the firſt magnitude be given, it 1s called 
vega and marked æ; this ſtar is a correſ- 
pondent to the ſouth weſt cape of the iſland 
of Sardinia in the Mediterranean. | 

439. The longitude of this cape from 
London is 9 degrees, and the right aſcenſion 
of the ſtar vega is 277 degrees, as London 

* 18 
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is weſt of Sardinia; 9 degrees ſubſtracted from 
277 degrees, leaves 268 degrees of right 
aſcenſion, to which the celeſtial globe being 
ſet, the graduated ſide of the ſtrong braſs 
meridian will be found directly over 85 ſtar 
in draco, and alſo over aftar of the fourth 
magnitude in one of the heads of Cerberus. 
Theſe are eminent ſignals, and both upon the 
meridian, when at the ſame time the ſtar 
marked 9, in the knee of Hercules, will have 
paſſed the meridian about two minutes of an 
hour, and the ſtar marked P, of the fourth 
magnitude in the milky way, will want about 
two minutes of an hour of coming to it. 
440. Hence when the ſtar marked , in 
the head of draco, ſends forth its perpendi- 
cular rays upon the city of London, the ſtar 
vega in lyra will alſo be perpendicular to the 
8 W cape of the iſland of Sardinia. At which 
time an obſerver at London will be ſenfible 
of the diſtance between the zeniths of the 
two places, and may note the bearing of 
Sardinia from London upon his ſenſible 
horizon, to which he may refer at any time 
in the day. An obſerver at Sardinia may note 
the ſame with reſpe& to the diſtance and 
bearing of London from him. 


441. To 


— —— _— -- * 
—— wü — 
” - . 2* 
I X-- - r 


. Co yy oo,” — 2 


— = _ — — — — 
— — 83 = — 
— — — — 5 — - — 20 —_ * — — > — — -_ — — - - — 
— * — — — — = — * — 4 — — - 
"IX ” - — = C 1 
* m Aw — _ 1 _ —- — - > —— 2 > ” fl. —— 
ho * D — 
» » Tu # - 9 — ba > ®.. 7 —_—_ Go * = 
—_ 5 — — Þs $4,* - 4 2 
— — = — — — 0 — 
-v 7 69 > — 1 . „ ay —— * * — r * 2 
. A - fo " > - = 2 * £4 
— — = b — —— — 


22 22 
Ni % 


RE 


— — — —̃ ̃ roaſt —— ———— ww: 00 > w Ao 
— — — — — —_ _ — . 
SEE"? 1 
N * "PEE Au --zx -r iS = \ 2 me 2 — ä 


8 


I 
4 0 


* 22 * 


>> wh Sas. s 
9 2 bf . 
— 5 


— 
S 


* 
* 


932 
I 


188 DESCRIPTION and UsRE of. the 


441. To excite. ſtudents who have an 

aſpiring emulation to improve themſelves in 
this extenſive ſcience of geography and aſtro- 
nomy, the principal requiſites whereby they 
may acquire univerſal knowledge, we ſhall 
proceed to illuſtrate this ſyſtem of the natural 
agreement between the celeſtial and ter- 
reſtrial ſpheres, by a few intereſting ex- 
amples. | 


EXAMPLE I. 


442. When the ſtar marked » in the 
head of draco, is perpendicular to 
thecity of London, the twelve fol- 
lowing ſtars may be ſeen from 
thence at the ſame time, when 
they will alſo be perpendicular to 
as many places upon the earth, 


443. The ſignal or warning ſtar is y in 
the head of draco, which comes upon. the 
meridian with the 268th degree of right 
aſcenſion ; it will be vertical to the city of 
London two minutes of time, after the ſtar 
marked k, in the milky way, near the equi- 

NOX, 
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nox, has paſſed the meridian, at which time 
the twelve following ſtars will be vertical 
to the places they ſtand againſt. 4 


Weſt of London. 


Rig. IDecl. | W. 

Aic. and Lon. 

Wk Lat. [ 

267 Knee of Hercules 0.37 |Carthagena, Old ( of 
Spain — 

26720 Wriſt of Hercules 304 — of Mo- * 

| | | rocco and Tar f OZ 

261 Ras alhagus, Ser- c Mi 124 Kingdom Kom- | 7 | 

| pentarius bergrada, Africa 1 


198 Spica Virginis ſaſio Peru, South-America, 70 | 
175 ety * 4416 |Chapa in Mexico 93 | 
191 Alioth, iſt in tail Ile 1 i 
| Great Bear £137 | ſons Bay 177 


Eaſt of London. 


Rig'. Decl. Eaſt 


Alc, | and ö Lon. 
Lat. | 
277 Viga, in Lyra a 38308. W. Cape, Iſle 9 | 
of Sardinia | 
295 Atair, Eagle's neck a] 8 Frontiers of Be- 
E | nin and t 17 
Africa | 
_y py dg 272 Mid. Levata in 5 
12 1 | Tagua, Africa 1 28 
308 Deneb, Swan's 10 P 2 . 
WM. rump . | 445 yra | 4? 
343 Sheat, in Pegaſus |&|27 Middle n ny 
] 
309 Swan's So. Wing e 337 — as of Tur- + 
| rd in Aſia, = 41 
| eſart Arabia | 


- 8 Als. 3 4 ws oy 2 A 83 . 
Co OOT ere ß - ů 
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444. The uſe of a warning ſtar is to 
point out the true time of the phenomenon, 
which is to be firſt nearly found by obtain- 
ing the time of the right aſcenfion of that 
ſtar for the evening, on which the obſerya- 
tion is intended to be made. | 


This table of correſpondents was formed 
as follows, | 


445. The right aſcenſion and 1 
of the ſtars was found in round numbers 
upon the celeſtial globe, and written in two 
columns, incloſing the names of the ſtars; 
the columns for the names of the correſ- 
pondent places being left blank for their 
inſertion afterwards. 


446. Next, as the longitude on our new 
terreſtrial globes is numbered both ways 
from the meridian of London, whatever the 
right aſcenſion of the ſignal ſtar may happen 
to be, that point of the celeſtial ſphere is 
likewiſe conſidered to be upon the meridian 
of London. Therefore, 


447. To gain the longitude in \ the laſt 
column of the table, if the given ſtars were 
caſt of the ſignal, the right aſcenſion of the 


warning ſtar was ſubſtracted from ond right 


aſcenſion of the given ſtar, 


But 
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But the weſt longitude was obtained by 
ſubſtracting the right aſcenſion of the een 
ſtars from that of the ſignal. 


448. The reverſe of this example is to 
find, what ſtars will be perpendicular to any 
place upon the earth, a warning ſtar being 
known, that ſhall be upon the meridian of 
an obſerver, when the ſtars to be ſought 
ſhall be vertical to the places aſſigned, which 
the reader will eaſily . from what 
has been already ſaid. 

449. When a ſtar is known to be per- 
pendicular to any aſſigned place, its correſ- 
pondence to that terreſtrial point may be 
equally affirmed to all thoſe who can ſee it 
at that inſtant from any part of the earth, or 
ſea, they may then happen to be upon. 

450. If an obſerver in Palmyra, another 
in the middle of the Mogul's empire, a third 
at Levata in Africa, and a fourth at Chapa 
in Mexico, ſhould look at the ſtar 
Y, in the head of draco, the moment it 
is in the zenith of London, they will ſee its 
correſpondence to that metropolis at one and 
the ſame inſtant of time; their hour only 
will be different according to the difference 
of .meridians, as thoſe places are fituated 
either eaſt or weſt from London. 

451, Tae 
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451, The ſignal or warning ſtar to each 
of theſe places, is the perpendicularity of 
that ſtar expreſſed in the preceding catalogue 
of twelve ſtars. 

452. From the obſervation under eithet of 
theſe ſtars in the catalogue, may be ſeen the 
other twelve ſtars, when they are ſhining 
over the heads of the inhabitants of all the 
other countries therein named. 

453. This conſtitutes the ſyſtem of aſtro- 
nomical geography before ſpoken of. It 
affords us a real aſſiſtance from the heavens, 
whereby we not only ſee the marvellous 
diſtances of a multitude of celeftial bodies, 
compoſing that part of the univerſe which 
we are permitted to behold ; but it alſo 
enables us to comprehend the diſtances and 
bearings of the moſt remote countries from 
that point of the earth upon which we 
ftand, 


ExAMPLE II. 


454. When the bright ſtar marked 5, in 
the head of caſtor, is upon the meridian of 
London with the rioth degree of right 
aſcenſion, the twelve following correſpon- 


dents will be vertical to the places annexed. 
Weſtward. 
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Weſtward. 
Rige, 15 Dec OY Lon. 
Aſc. | and W, 
| 5 Lat. P 
NKF — 634 Kichuans, Louiſiana | g6 
12 Cre, thigh 59 P. Walesfort, Hud- * 
Ken, . ſons Bay i 
ma oot o 
27 Nur ere 741 Twightees, 8. oo 83 
Should f Perf Lake Michigan | 
, 45 | er Of Ferieus 5 EHKimos between 
L. Otter and L. 66 
Pitetibi, North f 
Ameriea 
47 |Algenib,Perſeus'sſide[4|49|Cape Riſher, G. 6 
| dt. Lawrence 3 
76 Rigel, Orion's foot gf gjSea and Coaſt of 
| | Olinda 34 
Eaſtward. 
Rig*.j hs [Dec: 1 E. 
Alc. fand n. 
1: | | Lat. 
132 [Great Bear's foot 47 Middle of Hungary | 22 
139 |Hydra's heart 4 8 Kingdom Maſley, }| 
Africa 0 . 
143 [Corner of the Je 25 Nahaſſa, in Egypt | 33 
Lyon's mouth "1 
149 [Regulus, Lyon's 13 Abyſſinia, Africa 39 
1 heart Oſtiakis, S. W. part 66 
176 [Third in the Sq. J y 55 of Siberia ö 
Great Bear — 
192˙N. — of 12]Sea 29 E. "ey 
6 Vindematrix | oh dicherry 82 | 


Theſe ſtars are viſible in the months of 
January, February, and March. 
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ExaMPis III. 


45 5. When the bright ſtar marked æ in 
the ear of corn, which the virgin holds in 


her hand, called ſpica virginis, is upon the 


meridian of London with 198 degrees of 
right aſcenſion, the following twelve ſtars 
will be vertical to the ſeveral places in the 
following table. 


Weſtward. 
Rigt. Decl. W 
Aſc. and Lon, 
i Lat. | 
go [Firſt ſtar in the foot 1|222/Ifles of Tres Ma- 
of Caſtor 1 55 108 
113 Head of Pollux 6.29 sea near C. Eſcon- g 
ad, Flond. 5 85 
139 Hydra s heart we FU ny — | 
| of the Amazo-þ 61 
E rian River 
149 Regulus, Lyon's Cf. 1:3 Sea 129 K. of the)“ 
heart Antilles 49] 
175 Lyon's tail, Alaſad 416 Near Bonaviſta, C. 
bin i dn Gr Verd Iſles 23 
191 [Firſt in tail Great). - |Weſtern Ifles of 
| Bear, Alioth Þ | Roadend 7 


Eaſtward. 
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Eaſtward. 
Rip. cl, 
Alc. | and 
Lat 


'212 N. Hand of Bootes 52 


| 243 |Scorpion's heart 25 |S. Coaſt of Mada- 


. gaſcar 
th f 
9 8 * or ©1n; 39 [S. Eaſt of the Caf. 


8 : 
277 |Vega, in Lyra 1 39 2 3 


290 [Albiero,the Swan's 7 28 Toudſang, in Thi- Tbl. 92 


beak 
ear bet M 
294 Atair, in the Eagle &| $8 [Eaſtern = 


Coaſt of Mal. 
| | locca 


This phenomenon may be ſeen in the 
months of April, May, and June. 


ExAMpLE IV. 


456. When the 289th degree of right 
aſcenſion is upon the meridian of London, 
ſignified by one minute of an hour after the 
| ſtar marked 4 in the ſouthern wing of the 
eagle has paſſed the meridian, then the 
twelve following places will have the armex- 

ed ſtars in their zenith. 


O 2 Weſtward. 
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Weſtward. 
Rigr. Dec. 7/5” - 0 
Aic, and Lon. 
Lat. | 
206 [The ſtar in the leg ) |yj20|Sea 20 8. — 8 
of Bootes 5 Corrente, Cuba 3 
219 [Southern Scale of } [ej15|Collao, in Peru 70 
Libra | 
226 Northern Scale of } |4| 8]Amazonia, America | 63 
Libra 5 
236A ſtar in Scorpio 7 25 Paragua, America | 53 
{ 240 Hand of Serpentarius f 3 N. W. part of Brazil| 49 
267 Knee of Hercules 637] N. of 8. Michael, © a 
| | in the Azores | 
Eaſtward. 
Rigt. Dec. | E. 
Aſc. and Lon. 
Lat. ä 
321 [Side of Cepheus /o Fro. Sea near Iſle 
* | 3 32 
328 Shoulder of Aquarius|a| [Between Sio and 
Ampaia, Zan-þ 39 
1 guebar | 
331 |Firft in the head g|Rutha, 4% E. of 
of Cepheus 5 | Moſcow * 
343 Markab in Pegaſus az Sea Coaſt, in Per- | 
ſian Gulph c * 
359 Andromeda's head 97 Tala, Mogul's Empire 70 
360 A tar i in Pegaſus |y[14|Sea near Iſle Lak- 
| — 175 


Theſe ſtars may be obſerved in the months 
of July, Auguſt, and September. 


EXAMPLE 
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EXAMPLE V. 


457. When the ſtar marked 0 in the 
ſide of the whale is upon the meridian of 
London, with 18 degrees of right aſcenſion, 
the twelve following ſtars will be in the 
zenith of the annexed places. 
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Weſtward. 

Rig'. bee ws . 
Aſe. and Lon. 
Lat. 

290 [The Swan's beak 128 26 Wa > © TY 

Miſiſipi | 
294 [Firſt in the Swan's Lake Michigan, 
* wing 9144 Canada 22 { 84 
308 Deneb, in the ew England 70 
Swan's rump 414 
324 Side of Cepheus |&|70 Cumberland my 
| Baflin's Bay 57 
331 |Head of Cepheus e 56 N. — 1 47 
341 [Fomahaut, mouth N30 Middle of the At- e 
of Piſces Notius F| |_| lantic Ocean II 37 
O 3 Eaſtward, 
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Eaſtward. 
Rips. Dec. E. 
[ate | and Lon, 
Lat. Ny 


27 Almaak, foot of 
ha . Andromeda ty 41 Sea coal of Sardinia 924 


| 42 Shoulder of Perſeus 52 Briſac Luthania 24 


43 m e & 3 Bake Bake, Africa | 25 | 


53 [The Pleadies : end Nabn v. * 
96 North foot of Pollux 16 Golconda, Aſia 78 
112 Procyon, little Dogſa py "id 19N.W. Achem 

| | Symmatra E 


— - * 


The ſtars in this example may be ſeen in 
the months of October, "WiFi and 
December. 


PROBLEM LII. 


The phenomena of the harveſt 
moon. 


458. When the moon is at or near the 
full about the time of an autumnal equinox, 
ſhe riſes nearly at the ſame hour for ſeveral 
nights together, which phenomenon' is call- 


ed the harveſt moon. 
| To 
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To account for this upon the celeſtial 
globe, ſet the artificial ſun upon the firſt 
point of libra, where the ſun muſt neceſ- 
farily be at every autumna] equinox, and 
place the artificial moon upon the firſt point 
of aries, where ſhe muſt be if a full moon 
ſhould happen at that time. 

459. Rectify the globe to the poſition of 
a right ſphere, art. 234. which anſwers to 
the inhabitants of the equator; bring the 
center of the artificial ſun to the weſtern 
edge of the broad-paper circle, and the 
horary index in this caſe being the graduated 
edge of the ſtrong braſs meridian, will cut 
the time of the ſun's ſetting, and the moon's 
rifing ; hence it is obvious the moon will riſe 
when the ſun ſets, which will be at VI 
o'clock, becauſe they are both ſuppoſed to 
be in the celeſtial equator, but in oppoſite 
ſigns. Therefore on that day the ſame phe- 
nomenon will happen in all latitudes be- 
tween the equator and either pole. 


460. But as the moon's motion in her 
orbit, which we ſhall at preſent conſider as 
coincident with the ecliptic, is about 13 deg. 
10 min. every day, which retards her diur- 


nal motion about 51 min. 56 ſec, of time 
O 4 with 
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with reſpect to the firſt point of aries, this 
daily difference as it relates to the ſun is 
generally reckoned at 48 minutes of time, 
or two minutes for every hour. 

461. Let us now enquire upon the globe, 
what time the moon will riſe the next night 
after the autumnal equinox, at which time 
the ſun will have advanced one degree in 
libra, and the moon 13 deg. 10 min. in aries, 
which is 12 degrees more than the ſun has 
done in the ſame time, therefore place the 
center of the artificial ſun upon the firſt de- 
gree of libra, and the artificial moon on 
1.3 deg. 10 min. of aries, the globe being 
rectified as before to the poſition of a right 
ſphere, bring the artificial ſun under the 
graduated fide of the ſtrong braſs meridian, 
and ſet the horary index to XII, turn the 
globe until the artificial ſun coincides with 
the weſtern fide of the broad-paper circle, 
the horary index will ſhew he ſets that 
evening at VI o'clock, and the globe being 
turned till the artificial moon coincides with 
the caſtern ſide of the broad-paper circle, 
the horary index will ſhew the moon's riſing 
that evening to be about 48 minutes paſt 
VI o clock, with 5 degrees of amplitude 
: N northerly, 
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northerly, as ſhe is now entered into * 
northern half of the ecliptic. 

462. Now elevate the north pole of the 
globe to the latitude of London, every other 


rectification remaining the ſame, and bring 
the artificial moon to the: eaſt ſidè of the 


horizon, and the horary index will point to 
20 minutes paſt VI, her time of riſing and 
her amplitude at that time will be about 8 


degrees, three degrees more than at the equa- 


tor the ſame evening. 
463. If we thus inveſtigate the time of 
the moon's riſing for two or three nights to- 
gether before and after the autumnal full 
moon, it will be found nearly the ſame. 
464. The reaſon is that the full moons 
which happen at this time of the year, are 
aſcending from the ſouthern into the north- 
ern ſigns of the zodiac, whence the moon 
deſcribes 2 parallel to the equator every 
night more northerly, which increaſes her 
riſing amplitudes conſiderably, and more fo 
as the latitude is greater, as in the preſent 
example; hence it is plain the nearer any 
celeſtial object is to either pole, the ſooner it 
aſcands the horizon. 


465. Every 
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465. Every thing remaining as before if 
we elevate the. north pole of the globe to 
664 degrees, which is the latitude of the 


northern polar circle, and bring the artificial 


moon to the eaſt fide of the horizon, ſhe 
will be found to riſe about the ſame time 
that the ſun ſets the evening after the autum- 
nal full moon, which is about VI o'clock, 


at which time and place her amplitude will 
be about 13 degrees. 

466. In this poſition of the globe if the 
artificial moon be removed 13 deg. 10 min. 
upon the ecliptic, which is her mean motion 
therein for one day, and fo on for fourteen 
nights together, ſhe will be ſeen to riſe 
within the ſpace of one hour during that 
time, which will be clear on obſerving that 
half the ecliptic riſes at once. 

467. It is remarkable that when the 
moon varies leſt in the time of her riſing, the 
diurnal differences are greateſt at the times of 
her ſetting. | 

What has been faid with reſpect to 


north latitudes is equally applicable to ſouth 


latitudes. 
468. In like manner the new moons in 
ſpring riſe nearly at the ſame hour for 


ſeveral 
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ſeveral nights ſucceſſively, while the full 
moons riſe later by a greater difference than 
at any other time of the year, becauſe at this 
time of the year the new moons are in the 
aſcending, and the full moons in the deſend- 
ing ſigns. 

469. This phenomenon varies in different 
years, the moon's orbit being inclined to the 
ecliptic about 5 degrees, and the line of 
nodes continually moving retrograde, the 
inclination of her orbit to the equator will 
be greater ſometimes than at others, which 
prevents her haſtening to the northward or 
deſcending ſouthward in each revolution 
with equal pace. 


PROBLEM LIII. 


To find the time of the year in 
which a ſtar riſes or ſets coſmi- 
cally or achronically. 


470. The coſmical riſing and ſetting of a 
ſtar, is when a ſtar riſes with the ſun, or ſets 
at the time the ſun is riſing. 
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Elevate the pole of the celeſtial globe to 
the latitude of the place, and bring the ſtar 


to the eaſtern edge of the broad-paper circle, 


and obſerve what degree of the ecliptic riſes 
with it, which ſeek in the kalendar on the 
broad-paper circle, againſt which is the 
day of the month when that ſtar riſes 
coſmically, 

Turn the globe till the ſtar coincides with 
the weſtern edge of the horizon, and that 
degree of the ecliptic which is cut by the 
eaſtern ſide, gives the day of the month 
when the ſtar ſets coſmically; ſo likewiſe 
againſt the degree which ſets with the ſtar 
you have the day of the month of its acro- 
nical ſetting, and if you bring it to the 
eaſtern ſide of the horizon, that degree of 
the ecliptic then cut by the weſtern fide of 
the broad-paper circle ſought in the kal- 
lendar, will ſhew the day of the month 
when the ſtar riſes achronically. 


PROBLEM 
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PROBLEM LIV. 


To find the time of the heliacal 
riſing and ſetting of a ſtar. 


471. Elevate the pole of the celeſtial 
globe to the latitude of the place, bring the 
ſtar to the eaſtern ſide of the broad-paper 
circle, fix the quadrant of altitude to the 
zenith, and apply its graduated edge to the 
weſtern fide in ſuch a manner that its 12th. 
degree above the horizon may cut the 
ecliptic, the point oppoſite to this will be 
12 degrees below the broad-paper circle on 
the eaſtern fide, and is the ſun's place in 
the ecliptic at the time a ſtar of the firſt 
magnitude riſes heliacally, ſeek this point in 
the kalendar, or upon the ecliptic line on the 
globe, againſt which you will find the day 
of the year when that ſtar riſes heliacally. 

To find the heliacal ſetting bring the ſtar 
to the weſtern ſide of the horizon, and turn 
the quadrant of altitude on the eaſtern fide 
till the 12th degree cuts the ecliptic, its op- 
polite point is the ſun's place, which ſought 
either upon the kalendar or ecliptic line, 

gives 
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gives the day of the year when the ſtar 
ſets heliacally. 

Stars of the firſt magnitude, according to 
Ptolemy, riſe or ſet heliacally when they 
are 12 degrees diſtant from the ſun, that is 
when the ſtar is riſing the ſun muſt be de- 
preſſed in the perpendicular below the hori- 
zon 12 degrees, that the ſtar may be far 
enough from the ſun's rays to be ſeen be- 
fore he riſes. 

Stars of the ſecond magnitude require 
the ſun's depreſſion thirteen degrees, and 
thoſe of the third magnitude fourteen de- 
grees, &c. 


The manazil al kamer of the Ara- 


bian aſtronomers, from Ulugh 


Beigh, publiſhed at Oxford 166 5. 


472. The manazil al kamer of the Ara- 
bian aſtronomers, are XXV III, they are 
ſo called, i. e. the manſions of the moon, 
becauſe they obſerved the moon to be in or 
near one of theſe every night during her 
monthly courſe round the earth, they are 
theſe that follow, to which upon the globe 
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the Arabian characters are affixed, but 
omitted here for the want of an Arabian 
type. 855 A 


I. AI Sberatdn, theſe are the firſt and ſe- 
cond ſtars of aries, or the ſtars in the rams 
horns, marked g and y, with I, , fig- 
nifying the firſt manſion of the moon, 
which the reader will pleaſe to remember 
once for all. 


II. Botein the ſtars in the rams belly accotd- 
ing to Ulugh Beigh, by Bayer and on our 
globe « and p 


HI. A! Thuraiga, the pleiades. 
IV. Al Debardn, the bulls eye. 
V. Al Heh a, the three ſtars in the head of 


orion. | 
VI. Al Hen'ah, the ſtar marked -1n the left 
foot of pollux. 


VII. At Dira, the two bright ſtars, one in 
the head of caſtor, the other in pollux, 
marked a and g. 


VIII. 4. 
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VIII. A Netbrab, the nebulz or group of 

| ſtars in cancer, marked « called by the 
Greeks aun, i, e. præſepe. 


IX. A J. erphab, the lyon's eye marked . 


X. Al Geb ha, the ſtar in the Tyou's main 
marked o | 


XI. Al Zubrah, the ſtars in the WE rump 
marked 4 and b. | 


XII. A Serpbab, the lyon's tail marked , 
called deneb al aſad. 


XIII. 4 Awwa, they are four ſtars i in = 
marked n q v. | | 


XIV. Sima al A'zal, the virgin 8 * 
marked a. 


XV. Al Gapbr, three ſtars in the ſkirt of 
the robe of virgo marked 9 x. 


XVI. Al Zubana, that is libra, the northern 
ſcale is called Zubanab Al Shemal:, and 
is the ſtar marked , the ſouthern ſcale 
marked a, is called Zubdnab al Genubi, 
ſhemali ſignifies northern, and genubi 


ſouthern, * are exactly miſcalled on 
the 
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the common globes of modern conſtruc- 
tion. | 
XVII. Al-iclfl, theſe are the four ſtars in 
ſcorpio marked » d x. 


XVIII. AI Kalb, the ſcorpion's heart marked 
* more fully. Kalb Al Arab, the word 
Antares, if it is not a corruption, has 
no ſignification, and is therefore omitted. 


XIX. A Shaulah, the ſcorpion's tail, or the 
ſtar marked a. The word Leſath we have 
omitted, being another pronunciation of 
Lajah, the true name is Shaulah. 


XX. Al Ndaim, theſe are eight ſtars in ſa- 
gittary, marked y E N A @ N 
Vlugh Beigh makes them only . 


i. e. 1 J. 


XXI Al Beldah, this is that part of the 
horſe in ſagittary where there are no 
ſtars drawn, and if there be any in that 
part of the heavens, it is thought they 
are only teleſcopic ſtars. 


XXII. Sad Al Dabib, three ſtars in capri- 
corn, marked * G », 


P XXIII. Sad 
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XXIII. Sad Al Bula, the ſtar marked » in 
the hand of aquarius. 


XXIV. Sad Al Suid, the ſtars marked g and 


Cin aquarius, 


XXV. Sad Al Achbigah, three ſtars in a- 
quarius marked y © 9. 


XXVI. A Pherg al Mubaddem, the ſtars 
marked a and g in pegaſus. 


XXVII. AI Pherg al Mudecbir, theſe are 
two ſtars, one in the head of Andromeda, 
marked 4, the other in the wing of pe- 
gaſus, marked . 


XXVIIT. A Riſhd, the ſtar marked 6 in 
the girdle of Andromeda. 


Theſe are a diviſion of the heavens, dif- 
ſerent from any thing the Greeks were 
acquainted with, and therefore was not bor- 
rowed from them, 


PROBLEM 
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PROBLEM LV. 
Jo find a meridian line. 


473. Bring the ſun's place in the ecliptic on 
the celeſtial globe, to the graduated fide of 
the ſtrong braſs meridian, and ſet the ho- 
rary index to that XIT. which is moſt ele- 
vated ; turn the globe, till the ſtar marked 

in Caſſiopea's hip, is under the graduated 
fas of the ſtrong braſs meridian, with 
about 11 degrees of right aſcenſion, at 
which time the polar ſtar, in the extremity 
of the tail of the little bear, will be above 
the pole, and upon the meridian alſo. If 
you find in this application of the globe, 
that the horary index points to any hour of 
the day, when the globe is rectified to the 
latitude of your fituation, turn the globe 
again, till the ſtar marked e, called Alioth, 
being the firſt in the tail of the great bear, 
is under the graduated ſide of the ſtrong 
braſs meridian, and then the polar ſtar will 
likewiſe be upon the meridian, with about 
191 degrees of right aſcenſion, but under 
the north pole, and the horary index will 

2 point 
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point out the time of the night when this 
phenomenon is to happen, before which 
you are to have the following apparatus 
properly prepared, that you may be ready 
to attend the obſervation, that is, to find 
your meridian line. 

Suſpend two plumb lines, 401 let their 
weights be immerſed in water, to prevent 
their vibrating, but in ſuch a manner that 
the ſtring of one of them may be directly 
between the polar ſtar and the ſtring of the 
other. After this adjuſtment of the two 
ftrings, if they remain untouched till the 
| next day at noon, a meridian line may be 
| obtained at any window in the houſe which 
| has a ſouthern aſpect, by ſuſpending lines 
i as above from the ceiling, that next the 
jt window may be fixed, but the other ſhould 
1 
| 


2 r eden Fan 


Nee 


be moveable in a direction nearly eaſt and 

i weſt, the weights of theſe ought alſo to be 
i immerſed in water; then, if two perſons 
5 attend a little before noon on the next day, 
1 | one of them at the two firſt plumb lines 
70 which were adjuſted to the polar ſtar, and 
it the other at the two plumb lines in the 
ö houſe which are then to be adjuſted, each 
of them holding a ſheet of white paper in 
their 
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their hands, to receive the ſhadow of the. 
two ſtrings caſt thereon by the ſun ; the. 
firſt obſerver is to give a ſignal to the ſecond, 
of the inſtant the two ſhadows on his paper 


are united in one and the fame line, at 


which time the ſun will be preciſely upon 
the meridian. The other obſerver in the 
houſe is likewiſe to attend with diligence, 
and as the ſun is coming nearer and nearer 
to the metidian, he is conſtantly to remoye 
his moveable plumb line, and keep the ſha- 
dows of his two ſtrings always 5 in 
one diſtinct ſhadow, that his obſervation may 
be compleat, when his afliſtant gives the 
definitive ſignal. 

474. If this be repeated "Bp or five 
times, a very accurate meridian line may 
be obtained, and may be drawn on the 
window, the floor, or a pavement, by their 


ſhadow when united by the ſun's rays, and 


the plumb lines may be occaſionally ſuſpen- 
ded from two fixed hooks, when you chuſe 
to obſerve the paſſage of the ſtars a-croſs the 


mares. 
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PROBLEM LVI. 


Of the equation of time. 


475. As time flows with great regula- 
rity, it 1s impoſſible to meaſure it accu- 
rately, and compare its ſeveral intervals 
wich each other, but by the motion of 
ſome of the heavenly bodies, whoſe pro- 
oreſs is as uniform and regular as itſelf. 


Ancient aſtronomers looked upon the ſun 
to be ſufficiently regular for this purpoſe ; 
but by the accurate obſervations of later 
aſtronomers, it is found that neither the 
days, nor even the hours, as meaſured by 
the ſun's apparent motion, are of an equal 


length on two accounts. 


Iſt, A natural or ſolar day of 24 hours, 
is that ſpace of time the ſun takes up in 
paſſing from any particular meridian to the 
ſame again, and one revolution of the earth, 
with reſpect to a fixed ſtar, is performed 
in 23 hours, 56 minutes, 4 ſeconds ; there- 
fore from the unequal progreſſion of the 
earth through her ecliptical orbit, as ſhe 
takes almoſt eight days more to run through 


the 
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the northern half of the ecliptic, than ſhe 
does to paſs through the ſouthern, is the 
reaſon that the length of the day is not 
exactly equal to the time in which the 
earth performs its rotation about its axis. 

_2dly, From the obliquity of the ecliptic 
to the equator, on which laſt we meaſure 


time, and as equal portions of one do. not 


correſpond to equal portions. of the other, 


the apparent motion of the ſun would not 


be uniform ; or, in other words, thoſe points 
of the equator which come to the meridian, 
with the place of the ſun on different days, 
would not be at equal diſtances from each 
other, which as to the time of the ſun's. 
appearing upon the meridian, or ſhewing 
the time of the day upon a dial, is the 
ſame as if it had an irregular motion thro' 
the equator, and therefore cauſes it to ren- 
der the days unequal among themſelves. 
This laſt is eaſily ſeen upon the globe, 
by bringing every tenth degree of the eclip- 
tic to the graduated fide of the ſtrong braſs 
meridian, and you will find that each tenth 
degree on the equator will not come thi- 
ther with it, but in the following order 
from Y to S, every tenth degree of the 
| FS ecliptic 
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ecliptic comes ſooner to the ſtrong braſs 
meridian than their correſponding 1oths on 
the equator ; thoſe in the ſecond quadrant I 
the ecliptic, from S to =, come later, from 
= to s ſooner, and from vs to aries later, 
whilſt thoſe at the beginning of each qua- 
drant come to the meridian at the fame 
time ; therefore the ſun and clock would 
be equal at theſe four times, if the ſun was 
not longer in paſſing through one half of 
the ecliptic than the other, and theſe two 
inequalities joined together, compoſe that 
difference which is called the equation of 
time. 3 
476. Theſe cauſes are independent of 
each other, ſometimes they agree, and 
at other times are contrary to one ano- 
ther. | g 


477. The time marked out by a uniform 
motion, is called true time, and that ſnewn 
by the ſun, is called apparent or ſolar 

time, and their difference is the equation 
of time. 
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478. We now a to ſhaw 
how the terreſtrial globe will repre- 
| ſent 
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ſent the real phenomena relating to 
the earth, when actually compared 
with the refulgent rays emitted from 


the great ſphere of . 


479. The meridians on our new terre- 
rial globes, being ſecondaries to the equa- 
tor, are alſo hour circles, and are marked 
as ſuch with roman figures under the equa- 
tor, and at the polar circles. But obſerve, 
there is a difference in the figures placed 
to the ſame hour circle; if it cuts the IIId 
hour upon the polar circles, it will cut 
the IXth hour upon the equator, which 
is fix hours later, and ſo of all the reſt. 


480. Through the great Pacific ſea, — 
the interſection of libra, is drawn a broad 
meridian from pole to pole, it paſſes thro 
the XIIth hour upon the equator, and 
the VIth hour upon each of the polar cir- 
cles; this hour circle is graduated into de- 
orees and parts, and numbered from the 
equator towards either pole. 

481. There is another broad meridian 
paſſing through the Pacific ſea, at the IXth 
hour upon the equator, and the IIId hour 
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upon each polar circle ; this contains only 
one quadrant, or 90 degrees, the numbers 


annexed to it begin at the northern polar 


circle, and end at the tropic of War, 
corn. 

482. Here we muſt likewiſe obſerve, there 
are 23 concentric circles drawn upon the 
terreſtrial globe within the northern and 
fouthern polar circles, which for the future 
we ſhall call polar parallels ; they are placed 
at the diſtance of one degree from each 
other, and repreſent the parallels of the 
ſun's declination, but differently to what 
the 47 parallels between the tropics do, 

433. The following problems require 
the globe to be placed upon a plane that 
is level, or truly horizontal, which is eaſily 
attained, if the floor, pavement, gravel- 
walk in the garden, &c. ſhould not happen 
to be horizontal. 

484. A flat ſeaſoned board, or any box 
which is about two feet broad, or two feet 
ſquare, if the. top be perfectly flat, will 
anſwer the purpoſe, the upper ſurface of 
either may be {et truly horizontal, by the 
help of a pocket ſpirit level, or plumb rule, 
if you raiſe or depreſs this or that ſide by 
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a wedge or two, as the ſpirit; level ſhall 
direct; if you have a meridian line drawn 
on the place over which you ſubſtitute this 
horizontal plane, it may be readily tranſ- 
ferred from thence to the ſurface juſt le- 
velled; this being done, we are prepared 
for the ſolution of the following — 
1 22 b 


Post M LVIL. 


To O ads the ſun's Atitude by 
the terreſtrial globe, when he 


ſhines bright, or when he can 
but juſt be diſcerned d e a 


cloud. 


485. Conſider the ſhade of extuberancy, 
which is that cauſed by the ſphericity of the 
globe, heretofore called the edge of the earth's 
enlightened diſc, and there repreſented by 
the broad paper-circle, but here realhzed 
by the natural light of the ſun himſelf. 


_  Elevate the north pole of the globe to 


66:4 degrees, bring that meridian or hour 
2 which paſſes through the IX th hour 


upon 
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upon the equator, under the (graduated ſide 
of the ſtrong braſs meridian, the globe 
being now ſet upon the horizontal plane; 
turn it about thereon, frame and all, that 
the ſhadow of the ſtrong braſs meridian 
may fall directly under itſelf, or in other 
words, that the ſhade of its graduated face 
may fall exactly upon the aforeſaid hour 
circle; at that inſtant the ſhade of extu- 
berancy will touch the true degree of the 
ſun's altitude upon that meridian, which 
paſſes. through the IXth hour upon the 
equator, reckoned from the polar circlc, 
the moſt elevated part of which will then 
be in the zenith of the place where this 
operation is performed, and is the ſame 
whether it ſhould happen to be either in 
north or ſouth latitude, 


. 486. Thus we may, in an eaſy and na- 
tural manner, obtain the altitude of the ſun, 
at any time of the day, by the terreſtrial 
globe; for it is very plain, when the ſun 
riſes, he bruſhes the zenith and nadir of the 
globe by his rays, and as he always illu- 
minates half of it, (or but a few minutes 
more, as his globe is conſiderably larger than 
that of the earth) therefore when the fun 

15 
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is riſen, a degree higher, he muſt neceſ- 
ſarily illuminate a degree beyond the ze- 
nith, and ſo on eee from time to 
time. | 
But as the illuminated part is nb 
more than half, deduct 13 minutes from 
the ſhade of extuberancy, and you have 
the ſun's altitude with tolerable Pk 
nels. Io ber 
If you hive any doubt — far the 
ſhade of extuberancy exactly reaches, hold 
a pin, or your fin ger. on the globe, between 
the ſun and point in diſpute, and where 
the ſhade of either is loſt, will be the * 
_ 


487. When the ſun does not ſhine 
en enough to caſt a ſhadow. 


Turn the meridian of the globe toward 
the ſun, as before, or direct it ſo that it 
may lie in the ſame plane with him, which 
may be done if you have but the leaſt 
glimpſe of the ſun through a cloud; hold 
a ſtring in both hands, it having firſt been 


put between the ſtrong, braſs meridian and 
the 
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the globe, ftretch it at right angles to the 
meridian, and apply your face near to 
the globe, moving your eye lower and 
lower, till you can but juſt ſee the fun, 
then bring the ſtring held as before to this 
point upon the globe, that it may juſt 
obſcure the ſun from your fight, and the 
degree on the aforeſaid hour circle, which 
the firing then lies upon, will be the ſun's 
altitude required, for his rays would ſhew 
the ſame point if he ſhone out bright. 


Note. The moon's altitude may be ob⸗ 
ferved by either of theſe methods, and the 
altitude of any ſtar by the laſt of them. 


PROBLEM LVIII. N 


To place the terreſtrial globe in the 
ſun's rays, that it may repreſent 
the natural poſition of the earth, 

either by a meridian line, or with- 
Out it. . 


488. If you have a meridian line; {et che 
north and fouth 2m of the broad-papercircle 
TEE 


Celeſtial and Terreſtrial GLQBES. 223 


directly over it, the north pole of the globe 
being elevated to the latitude of the place, 
and itanding upon a level plane, bring the 
place you are in under the graduated. fide 
of the ſtrong braſs meridian, then the 
poles and parallel circles upon the globe 
will, without ſenſible error, correſpond with 
thoſe in the heavens, and each point, king- 
dom, and ſtate, will be turned towards the 
real one which it repreſents. 1 

489. If you have no meridian line, then 
by knowing the day of the month, find 


the ſun's - declination as before directed, 


which will direct you to the parallel of the 
day, amongſt the polar parallels, reckoned 
from either pole towards the polar circle ; 
which remember. 


Set the globe upon your horizontal plane 
in the ſun-ſhine, and put it nearly north 
and ſouth by the mariner's compaſs, it being 
firſt elevated to the latitude of the place, 
and the place itfelf brought under the gra- 


duated fide of the ſtrong braſs meridian, 


then move the frame and globe together, 
till the ſhade of extuberancy, or term of 
illumination, juſt touches the polar paral- 
lel for the day, and the globe will be ſettled 


as 
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as before; and if accurately performed, 
the variation of the magnetical needle will 
be ſhewn by the degree it points to in the 
compaſs box. 

490. And here obſerve, if the parallel 
for the day ſhould not happen to fall on 
any one of thoſe drawn upon the globe, you 
are to eſtimate a proportionable part between 
them, and reckon that, the parallel of the 
day. If we had drawn more, the globe 
would have been confuſed. | 

491. The reaſon of this operation is, that 
as the ſun illuminates half the globe, the 


ſhade of extuberancy will conſtantly be 


go degrees from the point where the ſun is 
vertical. 6 

492. If the ſun be in the equator, the 
ſhade and illumination muſt terminate in 
the poles of the world, and when he is in 
any other diurnal parallel, the terms of il- 
lumination muſt fall ſhort of, or go be- 
yond either pole, as many degrees as the 
parallel which the ſun deſcribes that day, is 
diſtant from the equator; therefore when 
the ſhade of extuberancy touches the polar 
parallel for the day, the artificial globe 


will be in the fame poſition, with reſpect 
to 
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to the ſun, as the earth really is, and will 
be illuminated in the ſame manne. 


4 
1 


PROBLEM LIX. 
To find naturally the ſun's decli- 


nation, diurnal parallel, and his 


_ thereon. 


* 


493. The lob being ſet upon an ho- 


rizontal plane, and adjuſted by a meridian 
line or otherwiſe, obferve upon which or 
between which polar parallel the term of 
illumination falls, its diſtance from the, pole 
is the degree of the fun's declination ; reckon 
this diſtance from the equator among the 


larger parallels, and you have the parallel 
the ſun deſcribes that day; upon which it 
you move a card, cut in the form of a 
double ſquare, until its ſhadow falls under 
itſelf, you will obtain the very place upon 


that parallel over which the ſun is vertical 


at any hour of that day, if you ſet the 
place you are in under the graduated _ | 


of” no! ſtron Y braſs meridian, 
deal | . Nole. 
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/ Note, The moon's declination, diurnal 
parallel and place, may be found in the 
fame manner. Likewiſe when the ſun 
does not ſhine bright, his declination, &c. 
may be found by an application. in the 
manner of problem 57. 


PROBLEM LX. 


To find the ſun's azimuth natu- 
a4 | od 


404. If a great circle at right angles to the 
horizon paſſes through the zenith and na- 
dir, and alſo through the ſun's center, its 
diſtance from the meridian in the morning 
or evening of any day, reckoned upon the 
degrees on the inner edge of the broad- 
paper circle, will give the azimuth re- 


quired. 


Mrruop T. 


495. Elevate either pole to the poſition 
of a parallel ſphere, by bringing the north 
pole in north latitude, and the ſouth pole 
mn ſouth latitude, into the zenith of the 

broad- 


— 1 pm. 
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broad- paper circle, having firſt placed the 


globe upon your meridian line, or by the 


other method before prefcribed ; hold up 


a plomb line fo that it may paſs freely near 
the outward edge of the broad-paper circle, 
and move it ſo that the ſhadow of the 
ſtring may fall upon the elevated pole, 
then caſt your eye immediately to its ſha- 
dow on the broad-paper circle, and the 
degree it there falls upon is the fun's azi- 
muth at that time, which may be reckoned 


from either the ſouth or north points of as | 
: horizon. 


MxTHop II. 


496. If you have only a glimpſe, or 
faint ſight of the ſan, the globe being 
adjufted as before, ſtand on the ſhady 
fide, and hold the plomb line on that 
fide alſo, and move it till it cuts the ſun's 
center, and the elevated pole at the ſame 
time, then caſt your eye towards the 
broad-paper circle, and the degree it there 
tuts is the ſun's azimuth; which muſt be 


teckoned from the oppoſite cardinal point. 


Q. 2 Prop). gM 
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PROBLEM LXI. 
To ſhew that in ſome places of 
the earth's ſurface, the ſun will 
be twice on the ſame azimuth 
in the morning, and twice on 
the ſame azimuth in the after- 
noon ; or in other words, 


When the declination of the ſun ex- 
ceeds the latitude of any place, on either 
fide of the equator, the ſun will be on the 
fame azimuth twice in the morning, and 
twice in the afternoon, 

497. Thus, ſuppoſe the globe rectified to 
the latitude of Antego, which 1s in about 
17 deg. of north latitude, and the ſun to 
be in the beginning of cancer,. or to have 
the greateſt north. declination, ſet the qua- 
drant of altitude to the 21ſt degree north 
of the eaſt in the horizon,. and turn the 
globe upon its axis, the ſun's center will 
be on that azimuth at 6 h. 30 min. and 
alſo at 10h. 30 min. in the morning. At 
8 h. 30 min. the ſun will be as it were 
ſtationary 
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ſtationary with reſpect to its azimuth for 


ſome time; as will appear by placing the 
quadrant of altitude to the 17th degree 
north of the eaſt in the horizon. If the 
quadrant be ſet to the ſame degrees north 


of the weſt, the ſun's center will croſs. 


it twice as it approaches the horizon in the 
afternoon. 

This appearance will happen more or 
leſs to all places fituated in the torrid 
zone, whenever the ſun's declination ex- 
ceeds their latitude; and from hence we 
may infer, that the ſhadow of a dial muſt 
neceſſarily go back ſeveral degrees on the 


fame days. 


PROBLEM L XII. 


To obſerve the hour of tlie day; 


in the moſt natural manner, when 


the terreſtrial globe is properly 
. placed in the ſun-ſhine, 


498. There are many ways to perform 
this operation with reſpect to the hour, 
three of which are here inſerted, being 


Q_ 2 general 
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general to all the inhabitants of the earth 
a fourth is added peculiar to thoſe of Lon- 
don, which will anſwer without ſenſible 
error at any place not exceeding the di- 


ſtance of 60 miles from this capital. 


iſt, By a natural ſtile. 


Having rectified the globe as before di- 
rected, and placed it upon an horizontal 
plane over your meridian line, or by the 
other method, hold a long pin upon the 
illuminated pole in the direction of the 
polar axis, and its ſhadow will ſhew the 
hour of the day amongſt the Fo * 


rallels, 


The axis of the globe being the com- 
mon ſection of the hour circles, is in the 
plane of each, and as we ſuppoſe the globe 
to be properly adjuſted, they will corre- 
ſpond with thoſe in the heavens; there- 
fore the ſhade of the pin, which is the 


axis continued, muſt fall upon the true 
hour circle. | 


 2dly, 
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2dly, By an artificial ſtile. 


499. Tie a ſmall ſtring with a nooſe 
round the elevated pole, ſtretch its other 
end beyond the globe, and move it ſo 
that the ſhadow of the ſtring may fall 
upon the depreſſed axis, at that inſtant its 
ſhadow upon the equator will give * _ 
hour to a minute. 


zoo But remember, that either the au- 
tumnal or vernal equinoctial colure muſt 
firſt be placed under the graduated ſide 
of the ſtrong braſs meridian before you 
obſerve the hour, each of theſe being 
marked upon the equator with the hour 
XII. 


50 1. The ſtring in this laſt caſe being 
moved into the plane of the ſun, corre- 


ſponds with the true hour circle, and con- 
ſequently gives the true hour. | 


3dly, Without any ſtile at all. 


502. Every thing being rectified as be- 
fore, look where the ſhade of extuberancy 


2 . : 26088 
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cuts upon the equator, the colure bein 
under the graduated fide of the ſtrong braſs 
meridian, and you obtain the hour in two 
places upon the equator, one of them 
going before, and the other glowing the 
ſun. 

503. Note. If this ſhade be dubious, 
apply a pin or your finger as before di- 
rected. 

504. The reaſon is, that the ſhade of 
extuberancy being a great circle, cuts the 
equator in half, and the ſun, in what- 
ſoever parallel of declination he may hap- 
pen to be, is always in the pole of the 
ſhade, conſequently the confines of light 
and ſhade will ſhew the true hour of the 


day. 


4thly, Peculiar to the inhabitants 
of London, and its environs, 
within the diſtance of ſixty 
es. 


The globe being every way adjuſted as 
before, and London brought under the 
graduated fide of the ſtrong braſs meridian,” 
hold 
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hold up a plomb line, ſo that its ſhadow 


may fall upon the zenith point, (which in 
this caſe is London itſelf ) and the ſhadow 


of the ſtring will cut the parallel of the 


day upon that point to which the ſun is 
then vertical, and that hour circle this in- 
terſection falls upon, is the hour of the 
day ; and as the meridians are drawn within 
the tropics at 20 minutes diſtance from each 


other, the point cut by the interſection of 
the ſtring upon the parallel of the day, 
being ſo near the equator, may, by a 


glance of the obſerver's eye, be referred 
thereto, and the true time obtained to a 
minute. | 

The plomb line thus moved is the azi- 
muth, which by cutting the parallel of the 
day, gives the ſun's place, and conſe- 
quently the hour circle which interſects 
It. 

From this laſt operation reſults a corol- 
lary, that gives a ſecond way of rectifying 
the globe to' the ſun's rays. | 
| If the azimuth and ſhade of the Illumi- 
nated axis agree in the hour when the globe 
is rectified, then making them thus to agree 


mult rectify the globe. 
CoROLLARY. 


| 


— —— 
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Coronary. 


Another method to rectify the globe 
to the ſun's rays. 


vo 5. Move the globe till the ſhadow of 
the plomb line, which paſſes through the 
zenith, cuts the ſame hour on the parallel 
of the day, as the ſhade of the pin held in 
the direction of the axis falls upon, amongſt 
the polar parallels, and the globe is recti- 
fed. 

506. The reaſon is, that the ſhadow of 
the axis repreſents an hour circle, and by 
its agreement in the ſame hour, which the 
ſhadow of the azimuth ſtring points out, 
by its interſection on the parallel of the 
day, therefore the ſun is in the plane of the 
faid parallel ; which can never happen in 
the morning on the eaſtern ſide of the globe, 
nor in the evening on the weſtern fide of it, 
but when the globe is rectified, 

507. This rectification of the globe, is 
only placing it in ſuch a manner that the 
principal great circles, and points, may con- 
cur and fall in with thoſe of the heavens. 


The 
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The many advantages arifing from theſe 
capital problems relating to the placing of 
the globe in the ſun's rays, an intelligent 
reader will eafily diſcern, and readily ex- 
tend to his own as well as to the benefit of 


his Pupil. 


A TABLE 
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A Tas of Retroceſſion and Autumnal Equi- 
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noxes. 
Retroceſſion. Autumnal Equinoxes. 
Years. | D. H. M Days. H. M. 
| 6000 | 45 20 02191454 4 © 
; $000 | 3Þ 4 40 || 1826211 19 20 
4000 | 30 13 20 || 1460969 10 40 
3000 | 22 22 © || 1095727 20 
2000 | 15 6 40 730484 17 20 
1000 | 7 15 20 365242 8 40 | 
— 72. 
ee 6 2t © 328718 3 0 
800] 6 2 40 292193 21 20 | 
2004 4 5-20 255669 15 40 
[= 00D 3 -4 34 © 219145 10 0 
\ $00 | 3 19 40 182621 4 20 
0004 3-8 20 146096 22 40 
goo 27 © 109572 17 O 
01 14 40: 73048 11 20 
100 | © 18 20 36524 5 40 
go o 16 30 32871 19 30 
00 14:40 29219 9 20 
704 o 12' 50 25506 23 10 
0-083: 0 21914 13 O 
ee 18262 2 50 
40} 0 7 20 14609 16 40 
9010-5: 10957 6 30 
20 | © 3 40 7304 20 20 
1 0 3652 10 10 
9 0 1 39 3287 4 21 
b 1286 2921 22 32 
6 2556 16 43 
20.1 © $ © 2191 10 54 
10 885 1826 5 5 
$1 0 644 1460 23 16 
ES Wet © 1095 17 27 
0 -0-02 730 11 38 
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A TazLz of Months. 
7 * 7 
468 | | 
218 | | 
FS BI; = E 
THE 145] 
2 2 T9 Back 
388 [Ax] 
31 | January | 3z | 
28 | February | 59 | 
| 31 | March: 90 
83% | April © 1260 
' 31 | May 151 | 
30 June 1 181 | 
| 31 | July 212 


— 1 


31 Auguſt 243 | 
30 September 8 273. 
31 October | 304 | 
30 | November | - 334 


OT 0 88 
2 


9 


31 | December | 365 
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A Tart of Week-Days. 


nn 2 — 


| 4 | Monday |} 

| 5 | Tueſday 

© | Wedneſday | 

| © | Thurſday. 
Friday 33 | 
Saturday | 


F 
2 
| 3'! Sunday _ 
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A TasLE of the Horary Difference in the Mo- 
tion of the firſt Point of Ae at che E Time 


of a Vernal Equin cx. 
EER MIS. ” | 
M. 8 H. M. 8. 
| 110 9 31 | 4 42 
20 18 324 51 
40 36 (345 9 
En 
6% 54 365 27 
2 4 'Þ 
8|1 13 [385 45 
97 22 39 |'5 54 
101 31 [% 3 


1 578 35 

ö 28 4 12 - 8 45 
29 | 4 22 | & WAY 

30 | 4 32 Gol g 5 
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A | January. February. March. | >| 
S H. NH. S. H. M. F. H. M. S- 4 
1 51053] 2 58 461 950] {| 
2 6 28 54 42 6 711 
3] 2 4] 50 39 224| 2] 
4 | 4 57 49 46 37} 058415 3] 
j_5|__$316| 4236] $458] 41 
of 48 53 |. 38 36 51 16 5} 
7 44 31 34 36 47 34 | ©} 
8| 30 9| 32.37 4352] 7| 
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